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ABSTRACT . . . V * 

This manual i;s designed to provide the small 
wastewater treatment plant operator, as well as the new or 
in^experienced operator, with simplified methods for laboratory 
analysis of water'and wastewater. It is emphasized that this manual 

.is not a replacement for standard methods but a guide for plants with 
insufficient equipment to perform analyses ifi^ccor dance wi.th 

, standard methods. Eacjx of the sections* is designed to be complete 
within itself. The tests and measurements presented include: acids, 
biochemical oxygen demand (BOD) ;-4itC^,lvad oxygen, residues, sludge, 
a'nd suspended solids. (CS) ^"^#|A> ^' 

' f • ^' . ^'"^ V^"-'- . * ^\ 
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♦ fie prod ucti^ons supplied by EDRS are the -best that can be made ♦ 

♦ * * from the original document. i ♦ 
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LABORATORY TESTS AND' MEASUREJIENTS 

' Acids , organic |^ 
(colorimetric method) 

Acids, organic 

(column chromatographic method) 

Acids, volatile 

' * Activated sludge settleability 

Alkalinity ^ *^ 

4 Biochemical oxygen demand 

Chlorine, residual « 

Cyanide ^ ' : 

(colorimetric method) 

-/A 

Density index, sludge 
Dissolved oxygen 
Loading, Plant 

* Mixed liquor r suspended, solids (MLSS) 

•\ ^ 

Organic acids . , 

Oxygen demand, biachemical 

(Graduate dilution method) 
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Oxygen, , demand , biochemical 10 
' (simplified non-standatd method) 

Ox^gefa^y dissolved, effluent ' 11 

Oxygen, dissolved, mixed liquor , 12 

Oxygen, demand index 13 

pH . . \ , . • * ' 14 

Plant loading 8 

Residue, on evaporation 15' 

ResidjLie^ suspended mixed liquor (MLSS)* 16 

Residue, suspended, total and volatile, 17 

Resiidual , chlorine « > '6 

Return sludge (MLSS) . 16 

Settlpable matter ^ . 18 

^'(Imhoff. cone technique) . " • * 

Settleabili'ty (activated sludge) 19 

Sludge, age . ^ " , / 20 

Sludge, density Index ^ ^' . '21 



Sludge, soljdg, total anii volatile * - 22 

• (Anaerobic digesters) 

Sludge, volume index . ' ' ^ 23 

Solids ' . ^ , r - 

(see : * Residue) ^ 



Suspended solids (total and^ volatile) 17* 

Temperature ' ' ,24 

. , Volatile acids . * . 4 ^ 

c. *(also see; Acids,- organic^* 

Some tests occasionally use^ by treatment plant operators 
ar6 coifiplex,^and beyond the capability of most operators or waste 
treatment plants and are no't includeM here". For 'these* procedures" 
follo\;3f the detailed" procedures contained *in the current edition of 
* ^Standard Methods ''for 'the Examination of Water, and Was'tewa'ter " , .or 
consult with-~your nearest consulting laboratory or consulting' ' , 
'engineering firm, ». - ^- 



PREFACE , * . ^ ' 

Standard^ Methods for the analyses X)f water and wastewater has long^been 
established ^s the accepted authority on laboratory methods for use in 
water and wastewater treatment faciiities* laboratories. 'Where labora- 
tories are adequately equipped, and technicians pro|Derly strained , it 
should continue to be the guide for all iabo,ratory analyses. 

However, in|ma©y ^small plants, laboratories are insufficiently ecjuippS'd' 
to perform analyses in accordance .with Standard' Methods . - In otjier cases 
new or inexperienced operators lack the technical knowledge and. training 
necessary to properly utilize Stanaard Methods . \ In thes^ instafices, 
simple but adequate analytical methods are required in order tg. provide 
the operat^or with inforuiation .necessary to intelligent process cbntrol 
'.decisions. This manual then is an attempt to provide tl?e small plant — 
as well as the new or inexperienced operator,; with simplified methods - 
for laboratory analysis ^of water and wastewater, Al^though not^nex:es-» 
sarily as accurate as the methods outlined in Standardt Methods i the 
results of' these analyses will generally be adequate for their .intended 
pufpofse. In a number of cajses, it is not felt that there is a practical, 
simplified method and sorthe laboratory technician is r-eferr'ed to 
Standard Methods 'for the applropriate methods of analysis. In all'^ 
cases where a simplified 'laboratory method is not provided or 
where the operator believes his equipment and personal technical 
mastery ' sufficient^. Standard Methods should be employed.. 

This manual wo4ild be inco^j^lete if appropriate credit were not given 
tQ those whose "^^^tra e^^Vts hav^e made if possible. Credit must be 
giyen to the Division (fl? Laboratory Services, and in particular to 
Mr. Arnold Westerhold who has served as an editor of this manual^nd^ 
to his able assistant D^f David Schaefifer.. Mr* Westerhold and^r. 
Schaeffer have assembled, edited t^ested , and in a number of "in-^tances' • 
developed -the Simplified methods presented. 

Their technical and professional expertise have been relied upon 
heavily in d^etermintng the" contents of , this manual. 

Credit must also be given to the American Water ^Wbrks Association 
publishers of AWWA. Manual Ml 2 and tc^Dr. Kenneth D. Kerri; Sacramento 
State -Collei^e", Sacramejito California, under whase Mirectiofi the Environ- 
ment?|il PrQ,tection Agency manual Operation of Wast?ewater Treatment 
Plants' -was prepared, for their kindly perifeitting us to reproduce parts , 
of their respective publications. Wherever such reproduction has 
. occurred, we believe appropriate credit has been noted. 

The design, printing, Hand distribution of the manual has been under ^ 
the direotion of the Operator Gertif ication and Training Unit of the 
•Division of -Water Pollution Control , Ernest Bennett,' P.E., Manager 
of the Operator Certification , and Training Unit, has served as an 
editor of the manual. As with any work of this .natute, some a^rors are 



likely to slip p^st'the closesp preof reading scrutiny.- We apolqgize 
for any iiiconVenience ]such errors may -cause-Snd trust that 'ou^ readers 
will bripg^them to bur attention so they may be corrected in* subsequent 
editions. This manual has-been formatted in what is some times teifmed 
an "evergreen" document. , Each sectio^ is designed to be complete in 
itself with, the manual as .a whole 'bellig de^signed so that individual 
.sections may be added, deleted^ or updated without destroying the 
usefulness, of the .entire* manual , As new sections are developed and 
old section revised^ it' will be possible for the individual operator, 
and laboratory technician to add to or correct h\s existing manual, so 
that it is always "evergreen". We, trust that the intended user will ^ . 
•find the three-hole punched secfeionalized format both convenienp and / 
useful. Your -comments and recommen<Jations for future publication 
will be appreciated. Questions and' comments should be'addressed to;' 
Manager, Operator Certification and Training Unit, Division o^Wat-er 
'Pollution Control, Illinois Environmental Protection Agency, Spiling- - 
field, niinois .62706. ' ' - ' ^ \ 



Ernpsd 1^, Bennett, P,E. Manager 
Operator Certification a^d Training Unit 
Division of Wat^r P^W.ut,ion Conttol 
Illinois Environmental Protection Agency, 



April, 1974 
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GRADES AND QUALITIES OF CHEMICALS 



Chemicals are /made in, several gtades based on, quality or 
purity. These qualities are. designated by' names which vary soWwhat 
among raanuf ac'tur^rs. I*n general, the quality df chemicals usek in 
testing must be high. It will be ^ecessary for the^ purchaser do 
read the quality • designations in the catalog i)eing used, since' 
designations * vary considerably with manufacturers. Although not 
complete, the £ollo(^ing li^tt inll giVe some, idea o'f the grades o^ 
"chemicals available: ^ , • 

1.. Primary stanJard^s - Primary^startdards are^ reagents of 
high accuracy ^assay and ar^ suitable as references ?hd 
in the preparation D,f -standard solutions. , » ^ ** 

A-*^C.S. reagent grade t '^or some chentlc^l^, th'e American 
Cli^micaL Society \]as established ^standards. Most manu^ac- 
* turers making chemicals , feting these standards list them a^ 
A.G.. S. Reagent Grade. ^ /, ' • ^s^ 



3.:- 



4*. 



Reagent grade - This''designat4on is Used ^y some manu- 
facturers to label chemicals o^^igh miality. Hany chemicals\ 
of, re.agent grade carry the ^nufactui^f analysis on the 
lab^l. ? * . . ' . . ^ ' • V 

CP. grade - f .P.' otriginally meant chemically pure. This 
is an Qlder tenu still in xise by- some luajiutac turers to' 
designate the quality of ^.certain phemicals,^ Generally./' 
CP. quality is good quaSJlty but not equal to redjgent 
grade. ; . - 1^'" . ^ 



\ 



U.S. P. grade - U.,§,P, grade chemicals meet the* specif i- ' 
cations of the 'United States^Pharmaeopeia, a publication 
estaUlishing standards for' chemicals and dr\igs used as 
pharmaceuticals • L . * ^ ' 



6'. N.F. gr^ade - N.F,. grade cl>emicals -conforin to the.speci- 

fications of the National Formulary, a publicati9n estTab- ^ 
lishing standards for chemicals and drugs used in the 
* pharmaceutical trade. 

7. Practical grade - Practical ^grade i^ a quality* designation 
usually applied fo organic chemicals *of sufficiently high ^ 
quality to be suitable for use in many applications, 

8, ^ Technical grade -r Technical grade chemicals' are of commercial 

quality, ^ .Generally' technical 'gr^de cTiemicals* are not used 
in the preparation of solutions and reagents for tefst^ng 
purposes. Technical grade sodium dicbromate is generally 
.-used in the preparation of cleaning ^solution, however. 
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'Other gtade - ^h^i^ are. other designations ^ of ^ual^ty such , 
as "Highest Puri'ty",* "Purified-", or tl/e manufacturer's name- 
grade all of which may be very high quality. It is necessrary 
to read the quality grade, designations ^in.'^the ^preface of 
most) catalogs to determine the qualities listed. 
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FORM OF^' CHEMICALS 



Frequently there^^is a choice availalTle iji' the form of the. chemical 
be purchased. In some cases-the form used is bot critical. In 
other, cases-,* strict attention must be paid to the form of the' chemical' 
to be used and the correct one must be obtained. The following l^ist ' ' 
will Explain , some of th-e common* forms of chemicals used: 
' ^ ' ^ • ► * ' \ >^ 

. 1. Powder ^ Many' chemicals are available in a 'very fine ^ ^ ,^ , 
, . ^ particle size described as powder. ' ^ 

i' ' ^ . - 

v^. 2. Crystal -Some chemicals are sofd in their crystalliae , 
^ form which.^nay be anywhere;.in sj/^e*from very fine crystals ' 

^ similar to granulated sugar ,up to crystals larger than " ^ 

sugar cubes., ^ " 'm - ' ' - 

3. 4 mesh,'-^ mesh> etc. - Some chemicals such as calcium ' * 

,^ • chloride are sized uniformly by'screenin^ through, sieves 
V such £rs 4. mesh whith is a sieve with 4 wires pfer inch' 
s^* in eachr^rection'. " * > ^ * 

4 4. 5tick, flake and pellet - Sodium hydroxide 'inay be^purchased 
in the form of stickfe- which are fairly large aijd pellets 
-v^ and flakes which, are rfiucfi' smaller in size; In -general,. 

pellets -oE. a svze som^haf ^like split p$as*are most cpmmonly, 
used. ' ' • ^ ' 



5. Anhyd"rous - An anhydrous chemical is one without chemically ^ 
combined' water , sometime^ called water^of ^crystalliza'tion, .» 

^ in the molecule. ' • ^ ' ' ' 

6. ^ydrated - A hydrated chemical contains wat'er^of crystalli- 

zation in* the *-molecUlb. Manganous syifate is available "as- ' - 
•the .monohydrate , dihydrate and tetrahydrate. In all ca'ses 
.it is import^at that the exact' composition' of. the chemical 
. ' bfe noted aftd th^ correct weight used when making ^p solutions.. 
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. • "SAMPLING OF SEWAGE ' ' 

— : — ^ .■(-.■ •- 

; In order to run tests on 'sewage, one must have sa^npJLes. • These 
samples, t^o be meaningful, must be representative, of ^the material 
.from* which it was obtained*. ' The best laboratory analysis Is only . 
^ as. good ^9 the, sample; however, in many cases th*fe sample collected^ 
depends on the information that is to 1?e ga;lned from' itr 

There are two. types of sampling procedure^ used ifi' sewage .plaijts 
These are composite sampling, and grab sampling. Composite samples 
are collected at specified intervals in pr'oportio'n to flow and ' ^ 
mixed to make an average sample representative of the fl>Dw. ' Since 
. sewage is perishable, composite'-sainples should .be refrigerated at ^a 
teitiper-atrpre less than IC'C* duri-ng the. period of, tim^ over which * 
fractions are collected. In ge'neral^ composite sampling may be done 
at i hr., 2 hr.,.or 4,- hf. .intervals, over a .24 hr. period. 'The ^ ^ 
.more frequently the fractions of the- composite sample are collected,' 
^the more representativ^e the composite sample wil.l be in ihe total ^ ^ 
flow.'- , ' \ ' . . - ^ ' [ ' ■ ' 

Samplijig points and frequenx:y of collection must be determiffed. 
•for each plant." No, schedule of sampling can be devised th^t* woulci • ' 
be satisfactory for .all 'plantg. " ' k J ^ 

" • Applied Stream Sariital Ion , Velz, C.J., Wiley Intetscience, 
pp. 401-421. ^. 

xMethpds for the Collection and Analysis "of Water Samples for 
Dissolved Minerals and Gases , Brown', ^kougstad', and Flshman, USCS, 
Chapter Ai Book^^S Labar*atory Analysis. -^^ , ' 



. , . • ■ GLASS VOLUMETRIC APPARATUS . . ' 
' ' ■ ■ CAI^E AND HANDLING , 

The following information has been adapted from literature published 
By: Kimbi^e Glass Company, Subsidiary of Owens Illinois - 

/ . . ■ 

Glass .volumetric apparatus comprises a class of objects to - * 
measure 'volume. These volumes are indicated by lines in the outer:- 
surface of. the gla$s produced by etching with hydrofluoric acid , 
or -by engraving with a tlti^n metal or abrafeive,^wheel. Since results ^ 
achieved by etching' are superior, this method is used ^universally 
to make the test quality 'apparatus ^ ' ^ — . . • 

In additioti to the* lines Indicating the volumes, the numerical 
valuesf of these vdlumes in the particular system of weights and " 
measures uded also must be marked on the apparatus. The tempera- 
ture* of cal|bra(tign also usually appears on^ the instruments since 
the volume of a- glass" vessel charfges slightly with temperature., 
JL " * * . ' , 

,s Finally, the' method of usV^-\Jhether calibrated, fco contain or 
to deliver. J;h^ indicated volume — is marked eit'her as "co'ntalns" 
or as ^TC" or ''ID". • ' ' , 

Some pipets a rg^cal ibrated to deliver the indicated" volume 
when the small amount remaining in tl)e tip^ after f^e^ delivery 
has* ©e^^^d Is blown out and' added ^o the main delivery* These 
pipetS^ometimfes are said to be "Calibrated for blowout".. To* call ^ 
attention to this method of calibration an opaqtle band about 1/8" 
wide is provid^ fiear the top. ^ r, , 

^ - ^ ^ STANDARD TEMPERATURE . ^ 

The standard temperature in the United States fo?: volumetricl 
apparatus "is 20'*C , and all appAr^tus is cali-^rated by raariuf acturers 
to contain or deliver the 'indicated capacity at this temperature, 
unless a different temperature is specifically requested.* 

'^here- are 'several essential rules wfiich must be followed in 
order to get the best results with volumetric apparatus/ These' 
rules concern cleanliness, method of reading the meniscus, 'and the 
filling and emptying of the various types of instruinents . - 



>^ ..^^ - CLEANLINESS .OF APPARATUS - . 

The lisual criterion* of* cteanliness of glass 'apparatus is unifotm ' 
wettiner'of the surrace bv distilled water. Certain contaminations. 



especially grease,^ ^hering to the *walls of the container prevent 
them from being unifprmiy wetted-, and *there is a tendency for wat^r 
to collect into^'drops. ' ^ ' ^ * 

Imperfect wetting causes irregularities in capacity of volu- 
metric glassware by distorting thfe meniscus, and ^1 so by affecting 
the volume of* the residue adhering to 'the walls after the instruments 
or confainers ^re ^emptied/ aince they will not/ deliver the volume 
fqr which they were' calibrated.' Even when the surface" ot the ve^sel^ _ 
is uniformly wetted, variations in the apparent capacity still<may ^ 
occur, due to' contamination of the liquid surface by minute. qii^^DtitieS 
of fatty or other organic sXibstances whlph produce a change^ in 
the surface tension affecting the sha^e of -the meniscus* The ^cleaning, 
ringing and drying, therefore,* must be carried, out in such a way as 
to prevent thiis. ' ^ - ' 

• \ ' • ^ * 

The choice of the procedure to' be used in oleaning glassware " 
depends on the nature of the contaminant. In many cases special 
reagents or methods must be used to. remove a particular substance. 
Before listing the more injportarit methods,, it is desirable' fo make 
a few general statemjsnts. 

Glasses used in chemical apparatus ^have excellent resistance 
to all the common acids. Strong alkaline solutions, such 'as hot 
caustic solutions, will attack aTiy glass if contact is prolonged. 
This is true even though a, particular ^lass may npt exhibit any 
visible effect, diie to the solubility of the reaction prodvrfets. 
Dilute detergent solutions, up to about 1% strength, will have tio^ 
a^rious effect on the glass, unless the glas^ is exposed for 
unnecessarily long periods or. the detergent is allowed to dry on 
the glass, . ^ 

SAFETY PRECAUTI.ONS ; With m^ny pieces of glassware, it is 
necessary or desirable to fill by suafeion when cleaning. DO NOT 
SUCK UP ACID OR OTHER CLEANERS WITH THE MOUTH . Connect the article 
to an aspirator pump, a vacuum pump,^oy use; a rubber bulb.* In the 
case of a vacuum pump, use a trap in between glassware, and pump to 
prevent fumes or wastes from entering the pOmp. '% 

ABRASIVES : Do not use ^abrasives such as ''03,d. Dutch'\ "Babr-O", 
etc. dn glassware, particularly volumetric ware: 

WATER FOR RINSING ; ^ When preparin"^ a, piece of glassware for . t 
use, ringing with tap water 'shoulct "be followed- by a thorough rinsing 
with distilled water or water which has been put through an ion- 
^ exchange* device. * * , ~ 

I > / > ^ { K 

ADHERENT ORGANIC RESIDUES ; Nevjer attempt to remove such residues* 
by the application^ of ^direct heat.; 'Permanent strains may bg;^intro-^ 
duced;.and what is"* more impoFEant,,^ the calibration of vol^^^trlc 
apparatus may be cha^iged. ' / 



CLEANING METHODS • 

' 'The cleanirfg methods given here 'should cover most of the contam- 
inants.' / . ' ' . ' 

* * • 

, * 1* 'Fill with a. sulfuric acid-dichromate mixture and let 

stand. Aft^r removal of mixture, rinse With distilled 
, • watfeV at least"- six times. To- make the pleaning mixture, ' 
dissolve 60-*65 .grams of sodium or potassium dich^omate- 
by heating 30-35 ml of- water; cool, and slowly add ^ 
concentrated sulfuric .acid to make 1 liter of solution. ' 

2. Strub 5d.th a i-to, ?%^warm solution o£ a detergent such as ^ 
Calgonite, Dash, All, Tide, etc. Rinse well after brushing. 
DC NOT HEAT VOLUMETRIC GLASSWARE IN DRYING 0V|N . 



METHOD OF REAPfNG THE ftENISCUS " 

Where watfei^ or other wetting liquid is used, the method of 
reading advised by the National Bureau of Standards is described 
as follows: . . , ^ 

Method of Reading Burets, Pipets, Manometers-, etc. 

' r 

^ > '"'^ 

a. \ Using J^^ter or Other Wetting Liquid — In all apparatus- 

where tlfe volume is limited by a meyiiscus, the reading' 
or setting is .made on the lowest point of the meniscus. 
In order that the lowest point may be observed, it is 
necessary .4:0 place a shade of, some dark material immediately 

• below the meniscus, whicli renders the profile of the meniscus 
dark and clearly visible against a light background. A 
convenient device for this purpose is a collar-sfiaped 

^ section of thick black rubber tubin-g, cut open at one side, 
and of such size as to clasp the tube firmly. . ' - - 

• . * ... 

The position of the lowest point *oE the meniscus with ^' 
reference to the graduation line .is such that it is in , 
the plane of the middle of the gradu*ation *line. This 
position of the meniscus is obtained by making the setting 

- * in the center of the ellipse formed by the graduation line 
on the front .and the back of the tube as observed by having 
the eye slightly, below the plane' of the graduation line. 
This is illustrated in figure 1, page 1^20* The setting is 
* accurate if, as the eye is* raised- and 1;he ellipse narrows, 
.'^ theT lowest point of the meniscus remains midway between tnfe 

front and rear portions oi the gr^uition- line. By -thii*s 
method it Is possible to observe the a})proacH o^^ the meniscus 
from ^it her above or^ below the line to its 'proper setting. 

b. Using ^Mercury r^-Iij setting a mercpry meniscus on a"^ gradu- 
ation line, the in^trumertt must" be* tapped sharply in order . 
that the meniscus may, assume a normal *|hape. The highest . 
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Figure ^» ^^c^hotl of i^dting xidter vicniscus. 



point of the meniscus is set on the middle of the graduation 
line -by employing the principles outlined f6r water, but' 
observing from above the 'line. . , • ^ 



REFERENCE: > ^ 

O 

NBS Circular 1502 J Testing-'of Glass Volumetric Apparatus, 
. , FILLING AND EMPTYING • 



The results obtained \^th^ volumet'ric apparatus depend not only 
on the accuracy with which the ware is^ calibrated, but also on the 
method d¥ use% i ' « ' > 

The following rules' have been suggested by the^ National Bureau 
of Standards: -for. the most^part. JThese requirements may seem at. times 
to be unduly detailed, but they ^re based ©n exact knowledge of the ' 
behavLor of the various types of apparatus as determined 'experimentally. 

FLASKS r ' In making up ^ solution to a ;definite streng^.iti a volu-'* 
metric flask, the, dilution solution (usually water) .should be. added 
to within about 1 inch of the calibration mark,, Siilce the entirfe 

ck ^sually is wet at the iime the v^ume is .adjusted, due to the 
mixing process, a drainage time of abdut 2 minutes is aMowed before , 
filling to the mark/ . ^ • » 
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CYtlNDERS : In fiUing a bylinder the liquid is allowed to flow down 



one side only. 

r / • . 

BURETS : Burets should t)e, qlamped in a vertical position and filled 

to; about 1 inch above fhe *'0" line. ' * ^ 

j . • i " 

. The getting to the '^O-' litiBj is made by opening fully the ^'top- 
cock, draining the excess liquid into a beaker oir. other receptical 
until the liquid is within abpufe 1/4 inch above the "0" marks This 
procedure will usually djive ^ut^^ny air^ trapped in the stopcock or 
tip. The exact "0" setting is xhade by opening the stopcock slightly, 
emptying the'liquid droprby-drpp un.til"t:he bottom of the meniscus is^ 
level vith the "0** mark. Any liquid remaining at the top after 
setting has been made* is touched^off against the wet side^ of the 
receptable. * ' , * ' . ' 



PIPETS:' Pipets also ate held in ^^'ver^icle position and filled to , 
about 20 mm above the "0** line/^ The- technique of" setting to this 
lin^ ±f th^ same as used for burets.^ The rate of outflow at this 
point is controlled l?y'; slight pressure of a finger^n the top.. 

With measuring and"^ serological pipets, delivery is unrestricted, 
unless the liquid descends so* rapidly that it would be impossibles to 
stop at the desired place. In this c^se*, however, delivery , should 
be as fast as 'possible while retaining control with a finger. The , 
tip is touched to the side of the rec§JLver when delivery is .completed 
and then removed immediately, except* for certain types of serological 
pipets^ These are "calibrated * for blowout", i.e,, to deliver the 
indicated capacity when the small amount remaining in the tip aftfer 
free delivery has ceased is blown out and added to the initial volume. 
*As mentioned before, all~ such pipetS' are marked with an opaque ring 
near, the top. 'The trse of an initial point, other "than "0" is 'not 
.advised for pipets with very rapid delivery. 

VOLUMETRIC PJPETS; Are held in a vertical position and outflow ' ^ 



is li^estricted until the surface of the water reaches the upper 
end of tfie delivery tube. Then the tip is touched * to -the wet Sur- 
face of the receiving' vessel and kept in contact with it until the 
water has ceased to flow.' The water remaining in the tip is' 'riot 
blown out. 



/ 




The ele^romagnetic spectruni^fmnsists of many baiids such the > 
radio frequency (radio, t.v.)', W4:^wave (ovens), ultraviblfitl (respon- . 
sible for suntanning) , infrared ^^^t) or visible regioni^\ Each region 
consists of a^^series of*'distinct;^i:|>ints or wavelengths. The distinct 
points or wavel^gths of the viMbf-e region are the colors with which 
we are ai;L familiar: red, orange| yellow ; green, blue, indigo,'. andj • : 
-violet.*^ While^tb'ese colors 'caiiT^ls ml^ed to give various hues* and 
*sh,adds, the original component$jr|i.e./, the original colorsli can be 
.retrieved in a variety of ways ^ such /as colorimetry. - • 

' ^ • 

An important cJiarsrtT^ristifi of^color is its intensity. For example, ' 
if a drop of ink is- added to. a glags of water, the intensity ^of the 
t:esult^ng solution will be Ipw.,^^ but^ the 'color will still be .that of 



<i:e8Uit; 

th^^vqriginal ink. These ide^s/ namely that each color has a charac-, « * 
teristic wavelength associa^d with it and that the^* intensity o% .a 
given color may^vary, fiorms,/ the- 'basis of many '&nalyti9al methods, 
• ' ' including spectrophotomet2:y/;and/ coloriinetry . * 

. ^ There are at lea-6t thr^e simple ways in i^jjijch the color -of an 

^ uflknown can., be compared vith* t]\e color of a knoxm; * (1) visual' matching; 
. • (i) by use of a color xiomparator; or (3)' use of filters, , especially 

in a-'colorimeter. 1'- - - 

^ • * * ^ One simple Visual mat^ching situation^^ccurs in the titration of 
an acid.wit^ a base'. 11 pheftblphthalein is used as an indicator, 
the color change from colotl^s to f^int pfnk si'^als the end point. 
If a different indicator ^te^us^, different epd point colors would' 
be observed. c v\ . . t.v • • 

^ Similarly -the te^^ for-tmanganese- telies-^on*the production of 
the intensely colored ''permanganate ion. . If the purple color of tihis * 
[ ion develops, it *is linfii^'di^tely kn,own that^the manganese standard 

(.05 mg/1) has been excee<ied.\ - ' - ' v ^ 

* ^t> ' * r * • 

Another example ^bf "Visual match^-ng occurs in the use of Hydrioq ' 
or multi-range pH'paper. . These papers* have d color" chart printed on < 
^ • the bo%*w Af tet ,^Tie/paper is immersed in the? solution ^ the' color of' 
' ' the paper is comj^ared j^d-th the coldrs on the chart. Hhe colors on . 
""the chart have 1be*<^! determined at given pH'*s, <7hidi are also printed 
on the chart. thus^,''by comparing th'e color of the wet indicator strip ' 
;with the color* p?rii^jted on the .package, a reasonably' good (+0^^ - i^^O 
pH unit) estimate of the pH of the unknown x^n be made. 

The color comparator method i^ .used in the .field fletefmination 
of, iron by* tjie' Hach method. |n this method the oratige color of 
the phenanthroif^^e reagent Is a function of the iron concentration^ 
•* ,in the Sample* . tfy comparing the color of .the findl- solution, con- 
tained in a tes^t tube, witli the colors on a transparent 'color disc, ' 
the concentration qf tron^ In- the unknown .can be determined. 
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A colorimeter is an electrically operated device which employs 
a photocell (in place o£ the eye) as the detector. The color intensity 
of tHe sample is electronically compared with^the intensity of a 
suitable ,filter. The output Is a scale reading calibrated in con-- 
centration of *the .parameter being read. The Hach colorimeter, along 
.with the f liters ,^ is supplied with meter scales appropriate for the 
'determination being made. ^Examples where this method is u^ed are 
the SPADNS method for fluoride and the laboratory determination of 
chlorine residual. 




A CIDS, ORGANIC ° 
(Colordnietrip' Method) 



■ ■ ~) ■ . ■ 

.,Note: I'his colordmetric pjrocedtire s more precise and accurate than 
the old distillation 'proci^dure. and about 'equal tc the column chromatographic 
methpd* The test requires' less , than 30. minutes and is particularly 
\ advantageous where more than one^ digester is to be analyzed since several 
tests can be rur/' simultaneously^ a] most as easily as one test. v 



PPINCIPLE; ' 



•I 



^ This prccedure converts the -organic acids (called volatile acids in 
the pasti'teoause they .were vaporized and separated by distillation) to j 
colored materials tlia.t are measured by light absorptron iji a suitable 
itistrument (colorimeter) . 
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SAMPLE: 

A very smal p r i n 0 5 1 i^ u e^ f.r uh^ tes^, thtirefore, a 
6 oz. bottle " is, sufficient for organic acids and related tests. 
I , 

EQUIPMEI5t: ^ . * 

1. Colorimeter or spectrophotometer. * ^ 

2. Boiling .water bath or kettle of boiling w^ter on an electric 
/ .hot pTate or B^^nsen burner." 

3. T^est tube rack fo hold 3/^ inch test tubes. 
REAGEMTS : 

The following reagents 'are necessary either tb, make rea-gent sQliitions"'^"^ 
or to, use. .directly as purchased. . 

1. Sulfuric acid, H2S0^", concentrated, reagent grade. 

2. Ethylene glycol, reagent grade. 

3. Sodium hydroxide, NaOH, pellets, reagj^nt grade. ^ 

4. . Hy^roxylamine hydrochloride, reagent grade^ • 

5. Ferric chloride, FeCL^ • 6H2O, lump, reagent^ grade, ^ 

SOLUTIONS:. . 

1. Sulfuric acid, tiilute^. Mix equal volumes of^,reagy6nt grade, 
concentrated sulfuric acid and distilled watet4 ^CAUTION: 
* Alwavs add acid to watet — nether water to acid.;' 

■ ^ . , ' ^ ' 

■. 2-1 " : 



2;) Ethylene glycol, reageat grade". Use as purchased. . ' ^ ' 

^ ' 3. .Sodium- hydroxide 4.5N.^ Dissolve 90 g of sodium hydroxide ' 
pellets in.^distilled wat^ and dilu^ up Co 50G ml " . 

4. HydrtfSylamine solution, 10%. Dissolve 10 g of. hydroxylamine 
^ hydrochloride in distilled/water and make up* to' lOO ml 

, 5. Ferric chloride reagent, .Dissolve 20 g of f erric'-cHloride 

hexahydrate (FeCl3 • 6H2Q) in dij^tilled water, add 2'0.'ml of - 
concentr,ated sulfuric acid and dilute to 1 liter. • '. 

• - ' • . . > f ' 

PROCEDURE: . < • . ^ . ^ ) 



1- Clarify a few milliliters of saitiple by filtratiolvor centri- , 
fugation or both. (it is necessary to have a relatively clear 
.•sample since • turbidirty will intdrfere iith light /transmission.,) 

Provide test tubes in a rack—one for | blank and one'^for 
each sample. * • f * 

' 3. Using clean pipets, carefully and exactly plpet 0.5 ml c5f 

^Mistilled water into the blank tube and 0.5 ml ^amp^e into a 
^ each sample tube. If the organic acids'^ are more than 2000 1^*1, 
an aliquot diluted to 0.5 ml is used-. ^ ' ' , - 

4. \Add 1.5 ml ethylene glycol to each t^M,be% ^ r*^ 

' ^, Add 0.2 ml of ^he diluted sulfuric- acid (1-1) to each tube. 

Mix well by si^rling tube. ' ' . ' / ' 

^ '6. Heat in a boiling water bath for e^actly^-S minutes., ^ " ' 

^ . , . 

s7. Cool immediately iti colti water. 

8. ^ Add" 0.5 mrhydroxylaihrie solution. ^" , " "^Z^ ' 

^9. Add 2.0 ml ^g^f^.5N sodium hydroxide.* Mix'well by swirling tube. 

lOl Add 10.0 ml ferric chloride solution. ' ^ * ' \* * 

11. Add/ 5.0 ml distilled water. * ^ 

12. Stopper and invert to mix. 

13. let*3t'and 5 minutes, unstoppered, for color developmettt. 

W. Read at 500 millimicrons after standing 5 minutes. ^ * 

CALCUCaT.ION: " • 



Calcul-ate mg/1 organic acids as acetic from calibration.' 



j'Note:' A calilyratipfi Curve "can he made usihj a 2000 mg/1 st'andalP^^*" j 
ac-etic aci'd solution. • A series ot 6* tubes " arfe- used c^oh|:afoing.O..O, - 
0.2, 0.3,, O'A, arid 0.5 ml standard acetic <1cid rrlkde up to 0.5 ml vdluml" -,- 
with distiH^^-^ater wh'ere necessary. The above step by &tep procedure ' 
^s foll^wdd/an^'4pei;cent tra-hsmission readings are plotted &n senri-log 
&9aph paper } ' * » . • - ir 



REP'GRTlflJG: 



.COMMENT 



Report" at m^,l organic acids 'as - acetic- acid . • 



• This method is suitable for the determinat'^loji' 'organic ac'ids irxr 
' sewage treatment plant digesters and in raw sludge" - Jt is particularly 
advantageous where several tests can be run slnljuXtariebusly • ' ^ - v 

• SIGNIFICAjfCE: 

Organic acids are produced by the biologicA.J.J-br^kdown of'tliQ 
complex mafss^o£,,sladge. The organic acids are co;^vertecr to gas if 
proper conditioas pre^/^il for the metjianje bacteria. In such digesters * 
which appear to operate properly, the* organic acl^s have befen found to, 
vary from a low of ' approximately 100 mg/1 to a.;h^gh of near .1*000 mg/1 
with^the majo-rity under 500 mg/1 org^|lic acids, / 

In digesters not operating properly, the orfganic acids may r^ach 
^concentrations vof several thousand mg/1. At th^le concenjtratiofts of 
organic acijds,, digestion is v^ry poor, therg"^ j*(;ery little gas production 
■ ^ ^nd that produced is of very. poor quality* , ' • / • 
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' CALIBRATION CURVi: TOR 0|GANIC ACIDS - ' 

• ^ ■ ' COLORIMETRrG^ METHOD ► 

(Each, person must prepare one- of these' and check it per*iodically) ' 
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. ACIDS, ORGANIC 



(Column* Chtomatographic Method) 



PRINCIPLE: 



Organic acids are separated from inorganic ' acids and alkalies 
by placing an acidified sample on a short silicic acid column and 

eluting with a n-butanol-chloroform solvent. The organic acids~are 
.gLT^ measured iji ;^the eluate by titration with standard NaOH. ^ 

SAMPLE: . . ^ ^ 

A sample in a 6 oz, bottle is sufficient for organic acids and 
related . tests^, - " " . . 



MATERIALS: 

1. F.ume Hood*< 



2, Vacuum 'Source -^^ 

V ' * \ • 

3Jl Gooch' crucib]>s5^Coors No. 3 tall form, cx special Kontes* 
001489-49 Chromatographic column 'with extra coarse disc. 
' (The Kontes chromatographic column has sufficient volume 
•Jfco hold all the solvent in one '3pplication. The Gopch 
'"crucible requii^es numerous appiicatMMs of solvent.) 

• ' '\" 

4. Crucible holder of ?r6 one-hole rubber stopper. 

** V 

5.,..,^Filtering'flask ~^2^0 ml. 
6. Btiret, 10 ml, and buret holder. 
7., Tipets; 1 .and 5 m]L. 
■ 8. " Graduate, 50 ml. 
9. Erlenmey^r fiasks/ 125 ml. 



ID. Glass fiber filter paper 2.0 cm //X-934-AH. H. Reeve 
^ Angel and Company, Inc.. 

11. Funnel, 65 mm. short stem. * 

12. 'Filter paper, Whatman //2, 12.5 cm. 
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REAGENTS:' 



/I- -'Silicic, acid: Mallinckrodt's Silicic Acid No, ^847 ' ' 

* specially pr.epare4 for chromatography." The silicic acid 
i$ dried at 103*" and stored in a desiccator,. ' • 

. 2. ■ CB25 solvent: Mix' 250 ml of-n-butyl alcohol with 750. ml " 
chloroform. > * 

' • • ^ ' • ^ , 

3. NaOH: 0,02 ,N NaOH protected from' CO2 absorption. . 
. ^ 4, U2SOI: ..Approximately J.0 N ' . • " 

5. . 'Thymol blue indicator: ~0.I percent by- w^i^ht in absolute' ^ 
• . methyl alcohol or ethyl 'alxohol, 

^ ' • . . . • , \ - • ' - ^ ' 

6. Phenolphthalein indfcator: 0,1 percent by we^ight in\bsolute 
J methyl -alcohol or ""ethyl-alcohol. ^ / ^ 

/v Methyl alcohoT:^ absolute' , ^ 

PROCEDURE: • . . * • 

1. Filter through 12.5 cm^/f2 filter paper, sufficient sludge 
to obtain approximately 10 to 15 ml filbrate, 

^ 2. Use either, a Gooch crucible>^ Kontes chromatographic column. 
If 'a. Gooch 'crucible is^ used^ place fiber filter pad bt\* the 
, bottom of the Gooch crucible and -draw down by suction on a ' 
vacuum filter flask and then release vacuum. If the Kontes ^ 
: Chtomatographic column i^ used, no glass^feiber pad is needed, 

3; Remove column ^rom vacuum filter' flask^d put 10 grams of 
•dry silicic acid in the column tapping lightly tcu-^M* in 
packing. . ^ ' 

'4, Replace caluinn on' vacuum filter flask and. apply vacuum , to 
pack the 'sili.cic acidr It ma>k be necessary to remove^the 
. column from the flask^'tap again, replace^on vacuum filter 

^ ^ ^lask and^re-appl^' v^6uum in-order to firmly pack the 

silicic acid wit?*r'no drawing away from the column waj.1.' 

^ 5. Add drop of thymol blpe indicator to filtrate from Step //I, 

6, Add la N ^H2S0^ ^drop-wise with mixing until sample is "red to 
thymol blue,, ^ ^ - ^ ' \ ' ^ 

^ 7, ^Place 5.0 ml of acidffied sample 6n the silicic acid in the 

column. Release vacuum as soon as sample is drawn into silicic 
acid, 

r 
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25 ' ^ 



A. . With suction, <h:pw CB25 solvent thr9ugh the silicic acid 

intcf. the filtering flask, /keeping the column i^ll until 50/inl- 
have* teen added and drawn into the flask. ' \ ^ 

9, Remove filter flask*, add AO ml ''methyl alc*ohol and 5 ^rops 
^ \of phenolphthalein to the eluate; in the .flask. ' 

I 10. Tittate with 0.02 N NaOK to a pink -end-point, . V ' 

:W'- ; ' ' ' 

ill, Run^a blcink titration on the solvents (approximately^ ml 
• ^^25 AO' ml methyl 'alcohol) and subtract ,from the above 
titration (Step //4.O) . to obtain net ml u§ed. , , 




CALCbTATION: 



Organic aci65^j:n mg/liter as acetic = <ml'of 0.02 N NaOH Used on 
• sample-ml used oiTbla^k) X 240, ' - ' . ; * * ' 



COMMENT : 



vThis method is suitable for the det^Vig^iatTon of organic acids in 
sewage' treatmen^t plant digesters *and fh raw'sludge. . » 

. ' SIGNIFICANCE: . ^ ^ . ^ .' 

' * . • ' ' ' 

. , Organic acids ai;e 't)ro,duceQ by the biological breakdown of the 
complex mass of sludge. The^ organic acids are converted to gas if 
proper cdnditjLons prevail for .the methane '^acteria.'^ In such digest'erk 
which appear to operate- propferly , the organic acids ha>/e be^n tounc[ to 
' vary from a low of approximately IQO mg/1 ta a Kigh of near 1000 mg/^ 
xwitb'^the majority under 500 mg/1 organic acids.** ' , ' . 

In digesters not operating properly, t;he organic Jac ids may reach 
, concentrations of several thous^ndl mg/l. At these concentrations of 
organic* acids, .digestion is very poor, there is very little gas * 
p^roduct^on and that produced is of very poor quality. ^ . * 
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ERIC 



26 



-I 
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' ACIDS, VOLATILE 
(Distillation Method) 



PRINCIPLE: . . * T ' . - . 

Volatile acids are separated Trom the sample by distillation. The 
'acids are measured in the dis^titlate by titration with a standard sodium 
hydroxide solution. 

SAMPLE:. ^ . - * • 4 

t 

^, ^ pint sample is- sufficient for^ volatile acids and .related tests. 

APPARATUS: y , , 

CentFifuge% or other means of' clarifyinrg liquid ^rom the sample. 

2. Distillation apparatus consisting of 500 'ml round bottom distilling 
flask, condenser, adapter tube and ring stand support iJith ring 
and clamps. ^ 

iV Heat source — either a suitable electric heater or Fisher Cype of 
gas burner. ' ^ 

4. Buret. , , ^« ^ ^ ' 

RfeAGENTS:^ ^ y . 

1. Su^^furic acid, 1 + 1.-^ (add 1 part cone. 'H2SO4 to 1 part 
distilled water by voJLume.) - 



2. Sodium 



hydrorxide standard solut ion , 0 . IN . 



PROCEDURE 



3. Phenolphthalein indicator solution. Dissolve 0.5 g phenolphthalein 
in 50 nl ethyl or methyl alcohol aj^ add 50 ml distilled water. , 

* Add NaC'H drop-wise until a faint pink color appears. 

4. Hengar granules, pl-ain not selenized, for use as , boiling chips^ 
to promote smooth boiling. * • { 

■ > 



1. Centrifuge sufficient sample to get 100 ml (or suitable aliquot) 
of supernatant 'fo'r distiJLLation . , ^ 

2. Place "100 ml (or aliquot) ,of ''supe^atant in distillation flask. 
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♦ 3., Add LOO ml of distilled water /c>r if less than 100 ml sample 
was A^en, the required -amount to ^make a total of 200 ml. 

4." Add 5 or 6 Hengar granules op- boiling chips for!smooth boiling. 

5^^ Add 5 ml of 1 + 1 H^SO^- ' ' ' . ' • 

6. Swirl flask to mix acid and samp IS". . ' 

* >. * 

^ 7f Connect f lask^ to condense^. 

c 

* * . 8. 'Distill at a rate of - 5 ml per minut^ 

' t j 

9.' Collect 150 ml of distillate in a/ 25€ ml gradu^ted^ cylinder . 
. ^ . Transfe;%' without loss, the entire distillatje to, a 250 ml . 
Erlenmeyer flask. , ; » • 

10. Titrate with- 0. IN NaOH using pehnolpht4ialein indicator ^ The 
. end-point. is the^ first pfink coloration that persists for a 
short time. Titration at 9C°C reduced carbon dioxide inter- 
ference' and produ'ces a stable end-point. 



= ml NaOH x 6 000 
ml sample x 0, 7 




LATIOK : 

Volatile acids in mg/ J as acetic 
ml saipple >; 0.7 



COMMENT: ^ ^ ^ 

This method is suitable for rdutire control purposes. It if, not 
recommended -'for accurate work since it is assumed that only 70% of the 
'Vo.latile acids present in the samples will be found in the distillate. 
This factor has been found * to vary considerably,; 



SIGNIFICA^;CE: . ( 

Volatile organic acids are produced by 'the viological breakdown of 
the complex mass of sludge. The volatile acids ere convtl^rteo to gas if 
propet^conditicrs prevail tor the methane bac,teria. ' In such digesters 
which' appear to Operate^, properly , the, volatile acids hstve been found to 
vary^from a low of approximately 100 mg/1 to a high of near 1000 mg/1 
with the major-ity under 5C0 mg/1 volatile acids, 

** ^ . * ^ 

In digesters not operating propjeriy, the volat-ile acids>may reach 
concentrations of sevjeral th.ous'and mg/i. At these cpncentraticrs of 
volatile acids, d^igestion is ver*' poor, th^re is very little*- gas pro- 
duction and that' produced is of very poor quality. 



REFERENCE-. ' 

Standard Kethods for f^fre Exairdpation si" W?t-er and Wastev7£.ter , 
(llth Edition), 196C, p. i*2l. ■ • . ■ . [ 



ALKALINITY . " 
.(For Use On Digester Supernatant) 



'J 



PRINCIPLE 



J/Alkalinity is measured gn a clarified digester supejrnatant 
^ple by titration with a standard acid to a colorimotric end- 



s 

point. 



SAMPLE:' , - * . \ 

• Use part of Volatile or Organic Acid sample, 

4 ^ 

REAGENTS: 



1*. Sulfuric acid standard solution O,02N (1 ml = 1 mg. * 
I alkalinity as CaCO-,) . 

2, Methyl purple indicator solution^- Fleisher, pH rangfe 

4.8.- 5.4 for total alkalinity, (Many people use methyl- 
orange indicator and refer to the alkalinity thus determined 
as M:0, alkalinity; however, methyl purple gives a ipuch more 
easily observed color change (from green to gray to purple) 
than th6 color change produced by methyl orange). 



PROCEDURE: - . ' 

\\ / . 

1, Pipet 10,0 ml (or aliquQ^t) of filtered supernatant *into a 

125 ml Erlenmeydr flask. Dilute to 50 ml with .distilled water, 

2, Add 3-4 drops of methyl purple indicator. A green col^or 
sWould develop, . (In some cases, \Df acid digeaters, there is 
little or no alkalinity* with an accompanying low pH and a 
gray or pUrple color will develop.) ^ 

3, Fill the buret with 0,02 N H2S0/^. 

4, . Record the reading, ^ 

'5, Titrate with vigorous 'swirling- of Che sample through 'the 

development of the intermediate gra^ color to the development 
of a distinct purple end-point, 

" 6. Read thfe buret and record final reading. Subt-ract the initial 
buret reading from the final reading to geJt the net ml of , 
0.02Tr^2S04 "sed ii> th^'^'sample . ^. , 



5-1 

30 



ERLC 



CALCHJLATION': 



■i. 



net ml of 0.02N acid x 1000 



mg/1 total alkalinity = ml of sample used 

significan,$;e: ; 

^ Alkalinity refers to' the quantity, of basic compounds in aqueous* 
solution which shift' the pH value of the Solution to the alkaline 
• side of neutrality. These alkaline substances react with acids .to 
produce neutral 'compounds. / 



REFERENCE: • ' . 

^Standard Methbds For The Examination of Water 'and Wastewater* 
(13th Edition), 1971, pp. 370-376. . ^ 



1^ 



' ' CHLOI^INE, RESIDUAL 
(OrthotoIidlriQ^Hetbod)' 



PRINCIPLE: . • ^ . - \ 

The addition of orthotolidine reagent -to sewage containing chlorine 
produces a color- proportional to the amount cf chlorine present, * 
.The method is not specific for chlorine. Nitrites, organic matter and 
mapganic manganese interfere, ^ * 

f . , J ' ' ^ ' ' . ^ A 

SAMPLE: . ■ • ' ■« 

' At least 10 milliliters, are required, 
* •' • ' ^ • 

*- ' ' , 

• •' ' ■•" ■ ' ■ 

REAGENTS AND EQUIPMENT: - ' 

< 1/ Orthotolidine reagent: Dissolv^e 1,35 g orthotolidine 

* dihydrochloride in 500 ml distilled water. Add' this solution, 
with coastant stigcritig, tota mixture" of 350 ml distilled 
water an^ 150 ml cone, HCl, This reagent should be stored . 
in amber bottlers preferably in -the dark and protected always 
from direct sunlight. It is suggestjed that orthotolidine , 
reagent be discarded "after six months, 
' ~ > 

2, Chlorine comparator; tui;bidity , compensating, ' ^ 



PROCEDURE: . . _ 

. 1, Add a LU ml sample of chlorinated sewage t;o a ^ell or test 
tube containing ^1 ml orthotolidine reagent, 
' . ' " • * , . - t'* ' 

2, Mix, and if the temperature of the .sample ig-dfess than 20°C, 
bring it to that temperature quickly after mixing, and hold ^ 
in the* dark* for color development, * 

Read wheti th^ color^ intensity reaches its peak (usually 
|m 3 - 5 minutes')*, . ; ' ' . 



REPORTING: * . 

Report as mg/1 chlorine,' - ^ 



SIGNinCANCE.: 



Because of organic -matter* and immonia, residual chlorine exists 
In sewage in the combined state, the orthotolidine 'jnethod measures^ 
the combined\availaJ)le chlorine,- 



REFERENCES : 



Standard Methods For The' Examination of Water and Wastewater 
, .(rath Edition) 1971, ^.pp, ,385-386. 
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CYANIDE . r _ ' •' 

. - ' «(Colorimetric Test) . \ 

PRINCIPJ.E: , 

The cyianogen halide produced by adding an excess of bromine to 
the sample reacts with a pyridine-benzidine reagent to foifm an 
orange color which may be measured colorimetric^ly at ,480 mu^ piis 
method measures 'free cyanide and/^some of the .complexes. For a 
measure of total cyanide, a surface distillation procedure is 
required before measurement by this method. * Thlocyanate's are an 
interference but can be eliminated by. distillation.- ^ 



SAMPLE: t 

Collect a 6 ounce sample. If it cannot be analyzed immediately^ 
'•^it should be .preserved with NaOH by' raising the pH to 11.0*or^bove. 
'Usually two NaOH pellets are sufficient. 

♦ 

BEAGENTS: . - ' ' ' - . ^ * - 

1. ^Phenolphthalein solutiop, 0.5 percent. 

2. Phosphoric acid solution, 10 percent. 

3. Bromine water, saturated. , - * ^ 
' 4. Sodium arsenite soli:rt:ion, 2 percent. . . * 



5; N-butyl alcohol, reagent 



rade 



6. '^ Pyridine solution: Add 2 ml cone. HCl to 25 ml pyridine. 
\ -pilute to ^00 ra^^ - . ^ 

7. Benzidine di-hydrochlordde, 2 percent" aqueous* 

I ' " I , 

8. Potassium cyanide stock solution, 1000 mg/1^ In a volumetric 
flask dissblve 2.51 g KCN, reagent grade^ In .1000 ml water. 
.For the greatest-accuracy, this stock solution should.be 
/standardized by the modified Llebig method.. CAUTION: Avoid 

^ingestion — toxic. 

9. * j^tassium**" cyanide standard solution (1 ml 1 microgram CN ) . . 

Dilute 10 ml^stock cyanide solution to 1 liter with' distilled 
.water ,^mi:« and from tKis dilution make a sefcond dilution of 10 

ml to 100 ml. (1 ml « 1 microgram CN ') . Use 10 ml volumetric 
,pipets to e^ect the transfer, and volumetric -flasks in which 
, ' to make the dilutions.^'"'" > * ♦ ^ " 

,• • , -7-134 ■ 
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CAI«IBRATION: \ 



.- ■ ^'^o™ the standard KCN solution containing 1 kLcrogram per ml 

as prepared in Step 1^ above,, make a series of standards" " 
containing 0,1,2,3,4 and 5 m?,crograms of GN . Make each - > 
_ standard up to 10 ml with distilled waW/ using volum4tric' • 
' . gla'spware. . - ' • J 



I ■ • ■ . , - / 

y . • . * 2- Follow -the steps listed under Procedure to develop tKe color, 

'•••«" ' , ' ■ 

^- Prepare a calibration cxirve by plotting the percent 

trinsmittance for each standard against the micrograms of ' 
cyanide in that standard. The use of semi-logarithmic graph 
paper is helpful because^ all points shoulji fall on a 
. straight linp. If ordinary 'gtaph paper is used, iKls 
^ .necessary to either read absorbance" from <the instrumSHi or^ 
' • . 9alc|iiate absorbance in order to get a. straight HYie, 



PROCEDURE ; 




\ 



3. 



Set up a series of test tubes (25 x.lSO ram) in two rows ±n ' 
a xtest tube rack. Each sample and blank requires two tul5es 

Measure 10 ml distilled water into the first two tubes for 
reagent blanks. , , 

r , , ' ^ 

Measure two 10 mlv^r appropriate aliquots of. sample into two 
test txibes for^ the first /sample and repeat this for each ■ 
succeeding sample. (Dilute to-.10 ml if less than 10 ml aliquot ^ 
taken.) \ ' ^ ■ 

'4, Using ttie first tuba in each set , ^determine the amount of 

phosphoric acid required to neutralize" to approximately pH 8, 
with phenolphthalein as an indicator. To the second tube in' * 
each set, add a like amount of phosphoric acid/and then 2 
drops in excess to lower the pH. Discard ^the first xo\j. of tubes'. 

5. ' Add bromine water drop-wise 'to each tube until a slighXexcefeW 

is indicated by a persistent yellow color. ' 

* - » ' 

6. - Add 2. percent sodium arsenlte drop-wise to each tube in 6rder^ 

to destroy the bromine color. Add 1 drop In excess. * ' 

7. Add 10 ml ji-butyl alcotef -to each tube, stopper and shake 
the tube. ' / *^ 

8^ Add 5.3 ml pyridine-benzidine reagent (mix 5 ml pyridine* ^ 
solution^ with«0. 3 ml benzidine solution just before using) 
Xo each of the tr^a^ed samples and 'to the alc6hol blank.. 

9. Stopper and shake vigorously. J^^ 



J' 




^ .A ■ . • ■ . 

6. 'Allow 15 minutes* for color development. ' (Cyan^e is indicated 
by a brownish-yellow c^lor in^the upper alcohol layer). 

Transfer some of the alcohol' layer from the reage^^*b^a^k to the^ 
instrument cell (usually al cm* cell isbest) and set thfe ^ 
instrument for 100, percent, transmittance at 4B0 inu, - 

1%. Transfey some of phe alcohol- layer of the sample to a se"&ond 
cell and read percent trah^anittance. » . ^ * 

, 13. Calculate the aihount of CN present from the calibration, curve. 

REPORTING: - . ^ ^ . " • . 

Repoi:;t as mg/1 CN. • - . . ' 

\ ■ ■ • ■ ' 

COMMENT: * J ^ ' ^ 

Extreme caution should be exercised in the handling of all 
standard solutions', as well ^s any samples of unknown c'oncenti^ation 
of cyanide. ... , - 

DO NOT USE MOUTH SUCTION ON ANY PIPEI, ' ^ ' 

. SIGNIFICANCE: / ' . ' ' " ' ' ' ^ 

The PCB has placed>^an effective limit of 0.025'mg/l on the 
amount of^\ cyanide which may be contained in water. 

REFERENCES: - * . ' • 

* => 

Nusbaum, I.,.Skupeko, P.", "Determinat^ion of Cyanide in Sewage , 
'and Polluted Waters", -Sewage and Industrial Wastes 23, *7 875-&79 (1951). 

Lkncy, I.E., "N6n-referee Method for Cyanides' Amenable to 
Alkaline Chlorination in Industrial Waste Water". Private eommi^ication 
from Dr. L.E. Lahcy of^Lancy Laboratories,^ Inc. :(1963) . " * ' 

Standard Methods for The Examination TTf Water ^and Wastewater ' 
(13 Editior^' 1971 pp- 397-406.^ t * , \ ' ; ' 
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PRINCIPLE: 



BIOCHEMICAL OXYGEN* DEMAND BOD) 
(Graduate Dilution Method) 



Xhe .biochemidal oxygen demand (BOD) of sewage, sewage effluents ** 
polluted waters or industrial wastes is the qyantity of dissolved ' 
oxygen, m mg/liter, required during stabilization of the 'decomposable 
organic matter by aerobic biochemical action.' Determination of this 
Ti'fri''^ '^^ accomplished by diluting suitable portions of the' sample / 
With water, saturated with oxygen and measuring the dissolve oxygen 
in the sample and in the dilution water-'blank immediately and in the 
iDixturd after a period/of 5 days incubation at 20°C. 



SAMPLE:' 

One quart is required. 

REAGENTS : 



2. 
/ 

3. 
4. 
5. 



1. -All reagents necessary for the determination of DO. , \ 

Ferric, chloride solution: 0.25 g/1 FeCl-j 6H2O. 

Calcium chloride solution: 27.5 g/1 anhydrous CaOio. ^ 

Magnesium sulfate solutit>n: 22;5 g/1 MgSO, • 7li 0. 

i w 2 

Phosphate buffer solution:* Uissolve §.5 g monobasic potassium 
acid 4>hosphate, KH2PO/; 21.8 g di'basic potassium acid 
phosphate, K2HP0^; and 33.-4 g <diabasic sddium acid phosphate, 
Na2HPO4-9H20; in 500 ml of distilled water. Then add 1.?' g, 
ammonium chloride, NH4CI, and make to-1, Liter, The pH 'of the 
solution should ^be 7.2 without further adjustment. 

Seeding material: In many pses, a satisfactory seed may be 
obtained by using the supernatant from settled domestic 
sewage which-has,been stored for 24 to 36 hours at 20''C. Many 
industrial wastes contain organic: compounds which are not • 
amenable to oxidation by domestic sewage seed^ .In these 
cas^s, receiving^ater collected two to five miles below -the 
* point of discharge of the particular v/aste. will undoubtedly 
give the .best results. Experimentation with any particular 
seed will be the only means of detenhining the application of 
the seed for any^ given waste\ Quantity must also be determined 
in this matter. Five to ten ml of settled* raw sewage per 5 gal. 
of^dilutioh water is ^ggested far Ihe initial application- of . 
seed. ' - * 
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?• , Distilled or de-ionized water: This water should^be of the* highest 
quality, containing no material toxic to the organismV * ^ 
' .found in the se^d or in the waste itself: Copper /-and 
chlorine shouldj^e absent;, with an allowable Tnaximuci of 
0.01 ^mg/1 cop^pefV If any doubt exists regarding the 
suitability *of , /the water, controls should be run by the 
procedure using a sjmthetic . solution of known BOD. A 
300 mg/1 glucose solution should show a BOD of 224 + 10 mg7l. [ 

8. ' Dilution water: To five gallons of this water, previously • 
stoppered with a cotton {)lug and aged for at least 2 weeks 
in darkness, add' 2Q ml each of calcium chloride solution, * 
magnesium sulfate sol^ution' and V^osphate buffer. In 
addition, add 10 ml ferrip chlori-de solution and he amount 
of seed which has been determined by experimentation. Mix and 
allow to stand in the BOD incubator for at least->a week ^ • 

^before use. Stability of the diluti^tf^ water and^uitability 
for use after stabilization jnay be checked as foAows: . 




. Into 'two BOD bottles (APHA) siphon,' with a minimum of 
aeration, two like samples/ Perform a dissolved oxygen, 
determination on one of the bottles and incubate the second 
for fiye days at 20°C..If the dissolved oxygen of the 
dilution wate'r falls below 7*5 mg/1, it may be aerated to 
- btirig the' level to that of ^saturation. If the dissolved 
'oxygen of the dilution water indicates tKkt it is super- 
saturated, it must be de-^aeratQ^} before it is used. ^ 
* •» * * 

' - , • ; 

At the end of ^Ke incubation period, perform a DO test, on 
^ 'the secpnd portion of the dilution water. ^The difference 
in DO for- the initial and incubated sample will be the tOD 
ol the dilution water itself which should be less than 
0.2 mg/1.^ * , • / . 



TROCEDURE: . , ^ . 

In BOD work, some ^ experience or guidance/ is necessary in 
determining what dilution, to set up for the various types* of samples*^ 
With a knoiifledge of the source of the sample and an observation of 
the odor, turbidity and suspended solids, one can estimate a probable 
SOD and select suitable dilutions, to cover the estimated BOD. It is 
desirable; to make two dilutions 6ti each sample. ^ • ^ 

1. Fill two BOD bottles with dilution -water, using a siphon 'and 
t keeping aer.ation at a minimum. Determine the DO of dnej^ 
bottle and incubate the second. 

' 2. Determine the DO-'of the original sample, taking care no^ ' 
t-o aerate the sample in the process. 

3. To a"l liter- graduate, add the amount of well-mixed sample 
required for the selected dilution '(See "Cominent") • 
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4. 



5. 



Dilute to 1 lit'er \hth prepared diluiibn. water and nix -well 
without aeratioii -using a plunger-typ^ stirrer. * 

Transfer the diluted sample to a BOD bottle ^vn.eHbut'\aeration> , 
Stopper ,the boetle, filling tl>e collar \,rith water; and incubate. 
Using a siphon, 'discard mixture in- excess of 500 irfl. 

Jg^irther dilutions should be made by Adding -dilution water equal 
^.to volume remaining in the graduate from. Step' A. Jhis is' in 
effect halving the concentration. Wtien 'the dilution and 
n^ixij^^are completed^ rep'^at Ste^.A.^ ' * ^ , t 

Repeat the diltitiori procedure C^iieri as i(ocei^ary 
^ to .cover any suspected deviaclo:: ir^m the estimated 
BOD. ' . • » * ' 



/ 

NOlj:: 



VVhen ail dilutions are completed, rill .idditionai bottle 
wLtlx the dilutiomiwater and incubate it alon'g with the sample 
dilutions for a period' of ^ 5 days at 20''C. , 

At the end of the incubation period, remove the samples from 
the incubator ^ determine the remaining dissolved oxygen 
for each dilution, as well as for 'the two dilution water blanks. 
Dissolved oxygen depletions, in the. range of 49 to 90 percent- 
will give the most accurate values when, the calculation of . 
the BOD is performed. , , " - 




COMMENT: 

If the s.ample ±s--6xtremely alkaline pr high' in acidity, the -pH 
*mcrst be adjusted before dilution. ^ 



^•BOD . 
Range 

• 0-5 
4-10, 
" 8-20 
20-50' 
40-100 
80-200 

200-500 



A ' 

Table of BOD jDilutions and FacEors 

Dilution Ve^lume 
Desired % of Mmple 



Factor or "Multiplier 



100 ' 
50 

25' '. 
10 . 
5 

•2.5 
f.O 



CALCULATION: 




•1 
. 2 

- 4 
, '10 
.20 
40 
WO 



100 



BOD =\(W-pJ X P + S-W 

W **=*D0 in dilution. water blank after incubation. 
D = DO in sample dilution* after Uncubation. 



6 
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^ S'^ . = DO in^s^nppi^ before -dilution. 

: . P . = Percent of sample in dilution, 

, ■ - . * REPORTING: " 

U . " " ^ Report as mg/1 BQD (5 days (? 20''C) . 
SIGNIFICANCE; 

• ■ ^ 

The biochemical oxygen demand 'of sewage, polluted waters, or 
industrial wastes is exerted by three classes of materials: 
— ' (1) carbonaceous organic matter', such ^s pellulose, starch, sugar, 

'«^tat; (2)^xidizable nitrogen 'derive(i from urea, ammonia, nitrite, 
and organic nitrogen compgunds; and (3) reducing compounds such as 
^ ferrous iron, sulfite and sulfide. 



With domestic sewage, the BOD test -measures the first class of 
materials,* The test may not be significant if the sample contains 
the second or third class of materials. 



REFERENCES^: 

* Standard Methods For fWe Examination of Water and Wastewater , 
13th Edition, 1971^, 'pp 489-495 with modifications by the Illinois 
Environmental Protection Agency, ^ 



Ibid, 9th. Edition, 1946Lr pp 139-144, 



. BIOCHEMICAL OXYGEN DEMAND (BOD) 
(-Simplified Non-sl^andard Method)^ 



PROCEDURE; 



In BOD work, some experience or guidance>,is necessary in 
determining vhat dilutions to set up for the various types of 
samples. With a knowledge of the sourx:e of the sample* and an 
observation of the Vdor, turbidity, and suspended solids, one carl 
estimat-e a 'probable BOD and select suitable dilutions to cover the 
estimated BOD, The following table may be consulted to determine 
the volume of sample and volume of dilution water to be used. It 
is desirable to make two' dilutions at different concentrations on 
each sample, ^ t 



BOD 


Dilution 


Volume 


Volume of 


Total 


Factor o 


Range 


• Desired 


of 


Dilution 


Volume 


Multipli 






< Sample 


Water 






0-5 


100 


lO'OO 


0 • 


1000 


1 


4-10'. 


50 


•500 


500 


1000 


2 


8-20- 


25 • 


250 


750 


1000 


4 


20-50 


10 


100 


900 


1000 


10 


40-100 


5 


50 


950 


1000 


20 


80-200 


2.5 


25 


975 


1000 


40 


200-500 


1.0 




990 


1000 


100 






. 




* 





1. Measure 'th\e correct amount ^of well-mixed sample "and add to 
^ 100 ml graduated cylinder or to a 2~quart bottle • 

2/ Measure the correct amount of dilution yater (enough to 

make the total volumS of sample and dilution "water equal to 
1000 ml). Add this^ to the. measured sample\ 

3, If a 1000 ml graduated'^cylihder" is used, mix the contents* 
with a stirring rod. If using a bottle, stopper the bottle 
and mix the contents by shaking the bottle. 

4, Allow the mixture to stand for a minute io eliminate ai"r ^ 
bubbles. ^ 

5, Transfer the' mixture carefully to two duplicate, clean, ^ 
B.O.D. bottles. . Insert stoppers in the- bottles, (ToVinsure 
getting representative poi;tions in each bottle, it is 
preferable to fill the first bottle half full, then fill 

the ♦second bottle full and finally fill the first bottle 
full. This should tend to ^^erage out any difference due 
to suspended solids.) s , 

• ' 10-1 



6. Run the D.O, test on one of these bottles, Record the 
results as Initial D*a , ' ^ \ 

* 

f. Complete the water seal on the second bottle, and place In 
Incubator for 5 days, * 

8. At the end of five days, run the D,0. test and , record the 
\ result as Iflnal D,Q « 

9, Calculate the BOD of the original sample, u^ing the 
correct multiplier 'or factor for the dilution used* 



Calculation o'^ BOD: 



0 

'Determine factor or multiplier from dilution table. 

BOD & Difference x'Factoi; 

Example ; 

25% Dilution: • v_ * 

Ipitial D.O. 8.5 . 

.Final D.O. 2j0 

V Difference ^6.5 
25% dilution = factor of 4 . . * • 

- BOD = 6.5 X 4 26.0 . . , • * 

REPORTING: * . 

• Report as mg/liter BOD (5 day @ 20''C) . . 

COMMENT: • • 

This simplified non-standatd method ig Included ^s a iQethod 
for those who want a method more simple than the prefe^ed 
graduate dilution method. i ^^s^'^ 



/ ^ 
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Table for Recording BOD Results 



t 



Source 
of. 


Percent of 
Sewage I'n 
line uxiu Lion 


initial 
D.O. 
in une 
Dilution 


r inai 
D.O. 
in th,e 
Dilution 


jir I erence 


Fac tor 
- 


J uay 
. BOD 




















— 




























• 
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4. 
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' * DISSOLVED OXYGEN (P.O.) 



PRINCIPLE: 



The ^ samplfe vis collected in a glass-stoppered D.'O. bottle 
without aeration. Immediately after collection, the sample is 
allowed' to react witlt manganous sulfate in the preS^ce of alka- 
line solution of iodide and sodium azide. The azdde removes nitrite 
interference. A brown-colored flocculant precipitate forraS .when ' 
oxygen is" present. On acidification with sulfuric acid the^ brown- 
colored floe reacts 'with the iodide to release iofiine in a quantity 
equival,ent to the dissolved oxygen content of ttte sample. The 
liberatgd^ iodine ife tlien titrated with a standard solution of 
sodium bhiosulfate. ' - ^ * 

SAMPLE: " * ' ^ 

The sample shouid**be collected in a standard dissolved oxygen 
bottle using an appropriate dissolved oxygen sampler to avoid 
aeration. 

: • / ■ ^ 

REAGENTS: ... , • 

Prepared reagen'ts^^meeting APHA specifications can be purchased 
from lab or ato^j^ supply houses or ,they' can be made as "follows: 

1. Mangaiic^s .sulf^te^ solution : Dissolve 364 'g MnSO^ • H2O in^ 
• distilled water" and filter. Dilute to 1 liter. (Specific 

graylty should be 1.270) , The* solution should not liberate 
♦ more than a trace of iodine when added to an acidified 

solution of potassium iodide.- * . . ' ^ 

2. Alkaline Aodid^-azide solutioq: Dissolve separately ^ ' 
~500 g NaOH and 150 g KI in distilled water and' dilute to 

' 1 litet^ To this solution add 10 g NaN^ dissolv.ed in 40 
ml dis'^illed water.' This reagent should not give a color / 
'with starch indicator when diluted and -acidified. 

3. Sulfuric acid, cone. H2S0/^. 

4. .Starch indicator solution: Susperid 5 g'of powdered, potato ^ 

starch in a small amount of "distilled water and 'make "tq 
approximately 750 ml- Dissolve ,12.5 g NaOH in 100 ml 
distilled watex and stir into the starch suspension 'until 
a thick, sirupy, almoat -clear solution is .obtained. Allow <, 
to stand one hour or more. Neutralize with apprpxi-, 
mately 25 ml cone. HCl using a pH meter to determine • 



.45 

, . 11-1 « 



* . the eiid-point'. Do 'not overrun -the end-point. For pre- 
servative, add -8 g sodium propionate and *4 g sodiiltn azide. 
Dissolve each in 25 ml of. distilled water -an^ add to the ' 
i^sgarch solution. Dilute to 1 liter. 

5.^ 'sodium thiosulfate soSutibn, O.IQN: Dissolve 2^.82 g 
Na2S203 \ 5H2O in boiled and cooled distilled water, 
^ preserve with' 1 ^ NaOH and 4ilute to 1000 mil Standardize 
■ with biniodate solution*" (a). 

a. Standard potassium* bini'odate solution: O.ION:- 

' Prepar<> a stock equivalent to 0.10 N by '^dils solving 
. . 3.249 g KH (103)2 in distilled water and'diluting to' 
. 1 liter. ^ 

b. Standardization of sodium thidsulfate: Dissolve 

• 2:g KI diodat e-frec) in an Erlenmeyer flask in 100 
' to 150 mi distilled water. ^ - 



Add '10 ml. (1 ml H2SP4''+ 9 distilled H2O) followed 
by exactly 20 ml standard biniodate'solution. Dilute . 
to^about 2L00 ml and titrate .fhe' liberated iodine with the 
approximate O.l^-N thiosulfate to a pale -straw color. 
Add 1 mr of starch indicator and titr^ate to disappear- 
• ance of the blue color. CalcVilate normality and adjust 
to 0.10 N if necess4.ry. t 

6. ' Standard sodium thfdsulfate solution, .0.'025 -N: Prepare by 
A diluting 250 ml of 0»10 N stock solution to X liter • 

' . -V ; / 

PROCEDURE:-. ^ ^ . , " ^ ' . 

1. Collect sample, f3,lling D.O. bottle full to top. , • 

1. Replace stopper and disqard excess water. • • 

3. ^^ove stopper. , ^ ' * ' ♦ ' 

4. Add 2 ml manganbus sulfate solutipfi and 2 ml alkaline 
potassiutn iodide ^solution Pl.ace\d^livery tip of pipet 

. below the surface of the water in the sample bottle. 

.41- ^ 

5. Replace stopper giving it a slight tirist |:o seat it well 
and rinse bottle with tap'vater. 

. ' 

'6. Shake well- by* inversion of the bottle. * * ' 

7. Allow the pf^ecipitate 4:o' settle llightfly. • Tl]en shake by 
inversion again. *^ " ' . , * * "''^i^ 
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8. ^ After precipitate has setiled in lower ha^f of bottle, 

remove* the stopper. ° ' . 

9. Add 2 mi of concentrated sulfuric, acid with the tip of 
the pipet above the surf ace ^of the sample but touching 
the inside neck of the "bottle. * 

10. -Replace stopper J rinse^with ta[) w'ater, and shake sample- 

to distribute the iodine uniformly^ throughout* the bottle. - 

1-1. Shake the sample once mor'e and measure 203 ml of the iodine 
solution with a measuring flask. (Cut off volumetric flask 
may. be used) . 



12. Discar(3 'the excess iodine solution^ an(^ pour the m(^asured 

portion bacl^ into the' original bottle. . - > * * 

' ' ' ' ' \ ^ ^ r ' 

13. Proce'ed at once- with the titration, ' ' ' » 

c . ' " ' • ' 

14. Fill buret with 0.025 'N ('NVAO) thiosulfate solution. 

t. 

15. Read buret an^ record reading. ' # 

t f . 

16*. Add thiosulfate from the buret in**small amounts. Swirl 

the bottle and sample after each addition. • , * 

17. Continue the titration until the color of the sample is 

that of light straw. ■ . ' ' ^ » * 

/ 

18. Add^ 1 ml of starch indicator. The- color of 'the sample < . 
will change to blue. ^ * * '* * 

15. Continue the titration ^ using care not to overrun the' \ 
end-poant, which is the disappearance ^of the blue color. " 

* - ■ - ' , • * ' r' ' . ^ 

20. Read the buret atr the end-point and record the ..reading. 

21. Subtract the reading at* the start (step 15) f rora« the • 3^ 
reading at the end (step 20). The difference ia-the , ' ^ 

volume of N/40 thiosulfate required for 200 ml of the 
original sample. * ^ - 

22. This dif^ference is equal to the di^ssolved oxygeh of the 

sample in terms of milligrams per liter (mg/1). ^ ' ' . 



REPORTING : 

Report as mg/liter dissolved oxygen. 
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SIGNIFICANCE : 

* TJie te^t for dissolved oxygen (D.O..) is one of the most 
valuable single analytical measures of thV condition, of water 
with Tespect to pollution^ It is also the Ijasic part of the 
biochemical .oxygen demand test. 

A minimum D.O. of 5 mg/1 is necessary for normal fish life 
and growth^ although fish' surviv^ at 3 mg/L 'or"^.ess depending on 
the species. ' ' 



n 



REFERENCE : 



Standard. Methods Tor The Examination of Water and Wastewater 
(13 Edition) r 1971, pp.^474-488. 



DATA SHEET FOR DISSOLVED OXYGEN 



SAMPLE • 


. Buret ^R^ad in e 


ml 

^ Difference 


mg/liter 
Dissolved Oxygen' 


Final • 
(Step 20) 


Initial 
(Step 15) 


>i. 




1 

\ 


• 


J< ^ 


2. 








: f ^ 


3. 




V 

9- 




. ^ 

i 


4. 




■1 






> 


* • 




r 




6. 


r 






* • 


7. 








• 


8. 




f 


• 


• 

'. . -J 



ml difference = mg/i D.6^, when 203 ml of the sample is 
-titrated with 0.025 N (N/40) thiosulfate. 
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DISSOLVED OXYGEN 
(Copper -sulfate-sulfamic modification) 



\ 

This modificsution is used for "bioibgical floes such as activated 
sludge mixtures which have' high oxygen utilization rates, -The capper- 
sulfate-sulfamic .acfid accomplishes a twofold purpose. It stops the 
oxygen utilization immediately ^rid it causes the organic material to'' % 
precipitate producing a cle^r supernatant for testing. 

This* method is quite useful; however, .dissolved oxygen meters 
which -aretca|>able of direct measurements in thl^ aeration tank are ^ 
to be preferred. • - ' 




APPARATUS: " ■ ■ . 

^1. 'All equipment used in the ^DO test. 

2. Siphon. " - 

. ' 3"- One^quart wide mouth bottle with large rubber stopper to 
. . fit or 1 liter gldss stoppered bottle. * 

4. DO bottles. ^ 

REAGENTS: ' ' - ' 

1. All the reagents required for the dissolved oxygen itest. 

2. Cop^r sulfate-sulfamic acid inhibitor solution: -Dissolve 

•32 g technical grade sulfamic acid, NH2S020H* without heat, . 
in 475 ml distill^ water. Dissolve 50 g copper sulfate, 
CuS04 • "5H20, in ml distilled water. Mix the two solutions ^ 
together and add 25 ml of conc% acetic acid. 



PROCEDURE: 

1. Add 10 ml copper ^sulfate-sulfamic acid^inhibitor • ' 

2. Insert bottle in sampler designed so* that the bottle fills % 
from a tube near the bottom attd overflows only 25 to 50% of • 

. ♦ bottle capacity.^' * - / 

3. , Collect the sample, stopper and mix by inversion'; .-^ • - 

4. A116w the solids to settle.' 
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5. Siphon the relatively* clear .supernatant liquor into a DO 
bottle, \ % ' ^ ' 

, 6* Continue. the DO analysis immediately using the azide modi- 
. , fication of the DO procedure as detailed in*^ this manual, 



SIGNIFICANCE 



This modification of the DO test is used* to p^jpiit the measure 
ment of dissolved^ oxygen to determine the adequacy of aeration, of 
activated sludge, • ^ - # 



IREFERENCE: • . 

Standard Methods for the Examination of ffater and Wastewater » 
Editions 1971, pp. ASS'-ASA, ^ 7 



A 




0 , 



OXYGEK DEMAND INDEX 

Two procedures are provided. The reage.nts for the original 
ODI procedure were/based on published' information in "Analytical ^ .-fr- 
Chemistry" on 'the efimination of chloride interference, in the^COD^ V 
test. • This necessitated tl^e making of -^wo complex chemicar reagehtfe 
in-order to hold the opeifati6nal steps to a minimum. These reagent's 
are specialized and less readily available than mc^st reagents'. 

Alter the introduction of the ODI procedure in tile February, 1965 
issue of "The Digester", t^e i2th Edition of "Standard Methods" (1965) 
was published with a sitapler methpd of addition of reagents to 
eliminate chlorid^ interef erence. This improved technique' made it 
possible to use "Standard Methods' " COD reagents in the ODI test with 
only slight modif ica*:ions in ODI procedure. The second ODI procedure 
employs this method of elimination of chloride interference with , ^ 
regular COD -reagents. ' . » 

Both procedures, ollowed carefully, should giv^T'identical 
•results.- The advantage of the second method is .iargely\he lower 
cost and ease* of making or purchasing reagents. \ ^* 



PRINCIPLE: ' ^ • ' 

This test is a modification of the diq^romate oxygen demand 
test* The dichromate is reduced fr^m the vyellow hexavalent to 
the green trivalent state by organic material in a s^ple. 'The 
amount of green color produced is measured colorimetrically to give 
an approximate measure of sample strength in a short period of time. 



SAMPLE: 



A sample of 25 ml is sufficient. > 

EQUIPMENT: ' » . * , 

^ 1. Electrically heated watex bath.f ( A kettle of water, boiling, 
on^an electric hot platetor Bunsen burner is satisfactory.) 

•2. Colorimeter or spectrophotometer with- one iijch test tube- 
I cell or equal. >/ * 

Tes^^tiibe rack to hol(f 1 inch t^sjt tubes, (made locally). 



REAGENTS: • * 



1. Pot'ass^.ujR--rfichromate', A.R. •(K2Cr2^7). 



< 
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• • s • ■ ^ . ■ ^ 

^2. Mercu^ric -sulfate, A. R. (HgSO^). ^ , - , • • 

3. Dextrose (glucose) crystal, reagent or pure bacterial grade, 
anhydrous. ri 

*4.' Silver sulfate, A.R. (Ag2S0^) . ■ . .* ^ 

5". Sulfuric , acid, cone. A.R. (H SO,)/ r 

\ ■ > ^ ^ " m 

SOLUTIONS! ' ' ° . . ... 

1. Standard O.^S N dichromate* solution. Dissolve 12.259 g , 
- KjCr 0 reagent grade (dried at* X03/'C for 2 hours) in 
, distilled' water and dilute to 1000 ml. 



2. 'Reagent A: Add carefully 125 .ml cone. H SO 'to 375 ml of \ 
0.25 N dichromate solution contained in a 500 ml pyrex 
bottle. 

« 

3. Reagent B: Add 7.5 g Ag SO to 700 ml con<^. H^SO^ contaihed 
in a 1 liter pyrex- bottlis. A 

4. ^"Standard gluco^se solution used for making calibratioa curve. 
■ ' Dissolve 0.600 g glucose (ciried at ip3*C for 1 hour) in 

' distilled water and make up to 1000 ml. . (This solution 

should have a BOD of 448 + 20 mg/l;* see "Standard Methods,' 
* Twelfth Editioa, pages 418-419. One ml, of this sdlution 
diluted to 5^0 ml has an Oxygen Demand Index (ODI) value of 
90 based on "feoD tests.,) 

PROCEDURE: (Using ODI reagents). 

^ ^ 

1. Pipet 5.0 ml of distiiled wat^r into a 25 nm x 150 mn te$t 
tube for a blank. „Use_ special rack to hold tubea. 

2. Pipet 5.0 ml sample into a second tube. ^ 

'3. Add 2.0 ml <^ Reagent A to each tube. ^ - 

4. Add 0.1 g HgSO^ (approximately, with a measuring sp5on) 
^ to each tube. » 7 ^ 

5: Mix well, (all HgS04 may ndt dissolve)^ ; 

' 6. Add'^.O 1^1 Reagent S tS each tube. (CAUTION: Strong Acid). 

7. Mix well. (Be sure sampler and^ regents are well mixed.) 

* . 

8. Place ^rack containing' buank and sample^tubes in boiling 

• ^ water bath f6r 2t) tninutes. 



y . ... 



9. Remove, cooJL in water or let stand to c6ol. This a^so allows , 
time for HgSO^ and other, suspended material to settle* ^ 

10. Measure the % transmission at 600 mu, using the reagent blank 
, 100 percent line.- * 

11. Calculate ODI value from a graph prepared by running 0*0, 

1.0, 2,0, 3.0^ 4.0, and 5.0 ml volumes of 600 mg/1 glucose 
solution. XAil/standards' of less thar^S.O ml made-up to' 

5.0 ml test volume with distilled water. 1.0 ml diluted to 
5.0 ml has an ODI value of 90. 

Solutions and^ Procedure for' Alte^^nate Hethod . 



SOLUTIONS: • • ' 

/Standard 0.25 N dichromate solution. Dissolve 12.259 g 
^2^^2°7 reagent; gracie (dried at 103^0 for 2 hours) in 
distilled watelT^nd dilute to 1000 ml. 

2.-^Cilfuric acid', silver sulfate reagent. Add 22 g sil^^ 
sulfate (Ag2S0^) per" 9 lb bottle of cone, sulfuric acid. 
, Invert bottle 'ocasionally to aid in dissolution (1 2 
days may be required)."^ - . ' * \ 

'3. Standard glucose solution u^ed for nfiaking calibration curve. 
Dissolve 0.600 g 'glucose (dried at 103°C foK, 1 houV^in 
diSjtilled water and make up to- rLO(i0 ml. (Th^s solution 
shoftld have a BOD^of,A48 + 2b mg/1; see "Standard Methods", 
' I2th' Edition, pages '418-419 . One ml of this solution 
,^|||diluted' to- 5.0 ml has an Oxygen 'Demand Index (ODI) value 
of 90 based on BOD. tests, f 

PROCEDURE:^ (Using COD reagents) • 

* 1. ?lace 25 Jim X 150 .mm test tubes in* ra]:k (1 for blank arid 1 
, - for each sample). ' , . 



2. Add 0.1 g mercuric sulfa^^ powdex (approximately, with a . 
Hach.Chemi(ial Company //5]m or equal measurfng^spbon) to 
each tube. , > ^ . 

3. Add, with pipet^ 5.0 ml distilled waiter into blank tube. ^ 

4. Add, with pipet, 5.0 ml sample (or aliquot -made up to .5^0.- 
Ddl) 'into each sample tube and swirl to mix: - 

5. Add exactly', with pipet, 1.5--^ of 0.25 N dichromate solution;. 

6. Add carefully 7. '5 ml of , the -sufur,fc,^cid-silver sulfate reagent 

s ' ■ " • 
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7. Mix well by swirling tube. ^ If -a sligKt precipitate remains, 
it does not adversely affect thQ dfetj|Miination. (Be sure 

> ' sample and reagents 'art wefl mixc^):.^'^^ ■ V . > 

8. Place rack containing blank ^'d saiDp];e-"ttd>es in bi^iling V 
water bath 'for 20 •minutes. ' * ^ * 'i. ^' 

Riemove, cool in water or let stand feo- cobl*.;^' This also 
_a^ows time for HgSO^^md' otHer^^su^penj^fd iij^ to set^-e. 

10. Measure the % transmrafeion at v§00 mai^^lng' the re'agent' blank 
to' set the 100 percent linfe. ^t » ' •> \ J . ' • - . " ' 4< 

, -i / - -^^ v^^^r- r/'' ; 
IL. Calculate OPI value from, graph prtpafe^ .by running^:tirOVs*1.0, ' 
2a.O, 3.0, 4^.0, and 5.0 ml .Voljajfes^ pf CiOQlmg/l gliicos,^ " 
* solution. (All standards^ , of 'r^ss; than 5.0. ml ar-e^ttb be ^ 
made up to ^5.0 ml test vch.ume ^\^tiv^ distilled water. 1.0 ml 
diluted to 5.0 ml has an ODI voliune of 9Q;> 



REPORTING: 



"Report as ODI. . ' ^^^"-^r 



SIGNIFICANCE: 



On samples containing bio-degradable material the ODI values 
should be roughly equivalent to BOD v^alues. Samples containing 
nonbio-degradable material oxidizable by dichromate^may give high 
values. \ f ' ' » ' ' • 

REFERENCES: • ') 
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EXAMPLE OF OXYGEN DE^ND INDEX STANDARDIZATION TABLE 
■ (Based on Following Calibration Curve) ' ^ 

To use this table, 'find the percept transmission of the sample 
in the /oT column and read the ODT value in the ODI column. 



11 ODI . . \' °£i ODI 

.98 10 V • V 66... .180 

96. -20 '63 200 

'93 30 . ^ 60 ..225 

.91 AO .. 56 250 

•89.... 50 ^ • . 53 ..'.275 

87 ! . .60 * \ . '' 50 300 . 

85 .:..70 A7 325 ' 

83 80 > A4 ,35a 

81.,.". 90 42 .375 

79 ',.^100 ^ AO AOO 

76 12.0 38.. A25 

72.. 140 . / 36-. A5b 

69 '..160 ■ 



PLE OF CALIBRATION CURVE FOR THE ODI TEST 
(Each person mu'^t prepare one of- these i check it periodically) 



100 



BO- 




: Instrument - Bausch it Lomb 
: Spectrpnic 20, Std, Model 

i Wavelength -600 mn 

; Cells - 1 inch B & L Test Tubes 




3d0 . '^tiO 45iD 

0XVT3EN DEMAND 'INDEX VALUES ■ 



bB determination / i ' • 

•; - ' ; • / 

The symbol pH Represents the value for t)^. hyci^rogen ion. - 
concentration of a solution. By def inition,,;pH is considered to 
be the negative logarithm (to the base 10) in moles per liter of 
the hydrogen ion concentration or activity of a solution (the p 
refers to the exponent or power and the^H refers to Hydrogen). 

The above description of pH is' much too technical and considerably 
beyond the needs of 'the average sewage plant operat;or. The following 
"down^to earth**'^aterial adapted from **Modern pH and Chlorine Control" 
by W.A. Taylor and Company, '*Tools for Science" by Coleman Instruments 
and "standard Methods for the Examination of Watex and Wastewater" 
should give an insight** into the practical side of pH.' 

Making a pH determination is almost as simple taking a temf)er:ature 
with a themometet. Iritensit^ of heat is expressed as degrees on'fche 
thermometer scale. Similarly the.pH scale is used to ^eno-pe intensity 
'of acidity and alkalinity. ' It is unnecessary \to 'icnow the xriqaning pf ^the 
,term pH to make accurate die.^erminatioas of iritensij;y of acidity and 
^alkalinity. pH Is a numerical scale for expre^sir^ the intfensity, of 
acidity *or. alkalinity. 



0 1.0^ 2.0 3.0 4.0 5.0 6.0 7.0 8,^ 9.0 10.0 11.0 ? 12.0 ' 13.0. 14.0 
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ACID 






' NEUTRAL • ' . 


ALKALINE . 



The numbers 0 to 14 , as shown on the scale , ^are used to express pH 
values; that is ^ intensity of acidity and alkalinity. The value pH 7.0, 
half-w^y between 0 and 14, is the neutral point. A solution having 
ff^pH of 7.0 is neither ^Qid nor alkaline. The numbers belciw 7.0 denote 
acidity, intensity af ^acitliJty INCREASING ias the numbers DECREASE*,^" 
Thus a solution of pH 6.4 is very slightly acid, one of pH 6.0 is more 
intensely acid and one of pH 4.6 is still more intensely acid. The 
numbers between 7.0 and 14.0 are used to denote alkalinity-^j. the 
intensity of alkalinity INCREASING as the numbers .INCREASE.' Thu$ a 
solution of pH 7.6 is" very slightly alkaline, one of pH 8.0 is, more 
intensely alkaline and one of pH, 9.2 is still more intensely aklaline. 
These ^numbers represent^absolutely definite degrees of* acidity and 
alkalinity and therefore a statement such as "acidify to 5.6". or 
"make -Alkaline tp pH 9.4" ha's "a very defiijit^ meaning which cannot be 
expressed by the term^ "slightly or strongly acid or alkaline." 

A. change in pH represents a much larger chang<a in intejisity of 
acidity or alkalinity than would be expected ^irom the pH Values * ^ 
since a change of 1.0 pH'^unit represents a change of 10 in intensity 
of acidity or alkalinity. This is illustrated by the following table. 
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> ' There are two ,general methods of pH measurement, the electrometric' 
'and the colorimetrix. In the coiorimetric method an iridicator' is' added 
to the sample and a coloi: is produced characteristic of the pH o^ the 
jsample. "Standard Methods" no longer recommends* the coiorimetric pro- 
V^cedure because of: "Interference" contributed' colo^, tur')idity, l>igh 
. saline content, colloidal matter,, free chlorine, and yariou oxi*dants 
and reductants. The indicators- "are subject deterioration, as, are 
fhe color standards with which they are comp^ed. Moreover, no single 
indicator encompasses the pH i&ige of interest in water*" The el'ectro- 
hietriq method is now considered the standard procedure* * \- 

' * * ^' ' 

r ' In the electrometric 'method'^ the pH is defermined bV measuring, with 
a potentiometer (millivolt meter) , the voltage produced by two, electrodes 

- both in contact with the solution;. The voltage, of one . (calt>mel) 
^electrode is fiW^d, and kppwn, TJh^ ^voltage of ^^he ptjier • (gla,ss)( ^ . ^ ^ . , 

electrode varies .with . th,e pH of the sample, ffie electrometric ^metl>qd 
"is possible because certain glas's66 pbssess the property that: A. 
thin i^yer of glass in Contact! with a liquid will develop, between its 
innef and outer surface, a diflEerence of voltfage that varies with the 

- pH of ' the liquid. The glas# eleotro,^e. is a djeVice, Constructed, to ^jtake . . 

^advantage of the .peculiarity of iiSfi4'^|ecial glass and to make possible 
the measurement , of these voltages th'^fc" resuj.^ from contact -with diffe?rent 
liquids.. The voltages produced* b^^^hese .gla^s electrodes are, so small* 

•that, .solid state circuits are psed 4«n pH meters for amplicatiqn beifore 

the voltage is fed to a meter calibrated in\|>H. ^ , • , 

Because ofvthe differences betweeft the many^makes and models of pH 
equipment, it is impossible to give instructions for the opersction ^o£- 

' alj. pH meters and coiorimetric comp^arators . In each case, thd 
manufacturer '^instructions must be followed;^ All ,prf*meters must^be 
checked daily W£h stater d buffer solutions, before /ise. Periadicall}£ 

- during use rechecks must be made. The electtod^ must be .carefully rinsed 
between tests so that there is no carry oveT from one test to the next^ 



I 1 



0 ^ 



EMC 



\ 



,i - 



14a-2 

5.S ' 




Here •s' a list of ^pH import aat areas . • ^' ' • ^/ • . 

1. Drinking water .purification depends on correct pH for 'its operation*. 

^ , , • -) — * ^ ^ 

2^. .In sugar manufacture, improper pH can result in formation pf unwairtdd 
acid5 and very little sugar, ^ - . ^ i 



5. In sewage treatment, pH i^iist be adjusted for proper operation of disposal 
plants. This is, of course, another reasDh why polluting $ewers with 
high acid or aljcalj.ne material Spills is undesirable. 

4. ^ Milk >tum5 sour at a pH of 6.00. T^us good milk requires g6od pH control, 

5. In old-fashioned jelly making, the pH must :be below '4.0. Otherwise, the 
jelly will not jell. ^ ' 

6. The brightnei(^ of chrome doating on ^ur auto bumpeys is directly related 
' r to the pH^tffi t.he plating Solution. ' ' ^ ' ^ ^ ' 



\ 



IN LANGiAgE 

by. Joseph E. Nelson ' " / - 

Director of Research ' 

Chemtrix, Inc., Hillsboro, Oregon ^97123 

* « 

To underst^d and learn about pH measurements is , not difficult as, Ipng 
as we stick to fundamentals^ That is, let us be concerned vffith the* * * . - 
•question, ''What is the pH of my solution?**, and then we can^think of ^ 
the instruments arid techniques as tools* to help us get the answer. 

In plaift lan'guage.we' 11 -discuss what pH means-, why it is important apd 
the results that you may expect to get from reading this paper-. 

■> » * * 

If you can. study this paper and at the s^ame .time have an operating pH • ^ ' * 
meter in front of you, the results will 'be even more dramatic. Here 
you'll read about it, see it, use your hands to make it work, an,d finally / 
•g^t the results, all in one tremendous learning effort. 

la ' ^ i * « * 

Our format is^ sirtiple - each ^lubject heading a^ks a quest^ioh, and! the para- 
graphs that foi'fow pi'ovide the answei^j. ' \ . 

, - ^ • " • - ' ' ) 

To get 6ff to^^^^ood start an:4 give yot^ some, incentive, we'll begin with a ^ 

look at why pH f is ^important; ^ ^ - ' . * 

WHY IS pH IMPORTANT? \ - ^ *^ ; 

If the pH of thfe^ blood in ybu¥ body were, lowered one imit^ you y^uld die. 
Living things V^ow and survi/e^ in a particular pH environment and , when *t he 
pH is not correct their growt^ and survival are threatened. Fpt^ example^ 
wheat ; ct)m ana ijther fodds^qfFs grow best in "soil d{ a particular pH\ To . j 
get the great^s^t^syield, the'' 6aTTi\er must condition his soil to achieve \thd * 
proper pH. This a explains, in^part, why the ;^ield. per -acre has increased 
in^ Recent yeaj^ ^ince soil Science ha$', shewn the farmer "how to.}pp:ovide opti- 
mum^ conditions for best growth. 



To^ sum up, almost every manufacturing proces? that involves even the simplest 
chemical reaction is sensitive to pH and will* usually produce best results at 
some optimum pH value, • One of the key factors in keeping consistent, uniform 
products is the ability to measure and maintain pH at th^ proper level. 4 



WHAT IS pH? ^ ' . • . ' ^ 

pH is a number that exactly describes the degree of acidity or'basicity of a 
solution. We carf make a good analogy with Jhe measurement of temperature. 
Here we have the terms ••cold" and "hot'\and we immediately realize that these 
are very general terms which cannot be used with any degree of accuracy. 
Accordingly, the temperature scale was developed and now ,a temperature reading 
of, say^ 50* C, ipeans the same to everyone^ and is scientifically accurate. 

In thews ame way, the pH scale was developed. Centauries ago, man discovered 
that certain materials possessed properties wKich he called acid, while 
others posses-sed other pfpperties v/hich he called bases, : Between these two, 
was a neutral area in which the material showed neither acid or base properties 
and he termed thi^ a neutral. / ' / , ^ " . ^ 

Now just as in hot and cold, the Lords acid and base do hot give us a 
scientific value xnat we can use. neejded a scale such, thaj:. we all would 



be in exact agreement when we discussed the degree of acijifty.or basicity. 

Some time ago a fellow named Sorensen develop^ed such a scale and at the same { 
time came up w.ith the symbol pH. ^ ' ' ' « * 

Before we st^udy tJxe scale, letVs take a moment to find out what makes one - 
material. an .acid' While another is % base.*"^ r ^ ^ . »^ 

1. An' acid 4nus.t h^ve ionized (or free) hydrogen ions, H . 

^ • . , , . . • ^ ^ , . ^ • 

2. A base must have ionised (or free) hydroxyl ions OH".. 

\ — ' ' ^ : V ■ . ^ ^ 

3. The £H is directly related to Ahe ratio 'of H* to OH"* . If the H* is 

* greater than OH' the material as acid . If the 6h^ is greater than the / 
♦ H"^* the material is a base . |f equal amounts are present, the material / 
is a neutral ^alt . | ' « ^ 5 ' : 

Back to the 'development of the scale. A molar solution of hydrochloric , acid * 
is about a;' ^.6% solution of the acid. Let'.S assign this solution a pH of 0. 

A molar solution jof sodium hydroxi^de '(lye) is^about a 4.0% solution of the 
base. Lel;*s assign this solution a pH of 14. * • 

- , > ' ^ I ^ ' 

If we now dilute the acid by adding one milliliter of acid to nine milliliters 
of pure water we will have a 1/10 Wlar solution. Let's. assijgn this solution 
a pH 1. In the same way, ^ let' ^ dilute the molar solution of sodium hydroxide 
by adding 1 milliliter to 9 milliliters of pur^^ water. We'll assign this result 
ant solution a pH of 13. ^ ' " * ^ j 
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1 .0 molar 


14 
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0 . r molar 


13 
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0.01 molar''' 
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0.001 molar 
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0.0001 molar 


10 
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' O.OOOOi molar 
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O.OOOOpl molar 


8 




'.0.0000t)01 molar 
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Notice that wit^ the'^cyir, our 1/lOth dilution increased the pH from 
0 to 1, while the same dilution* or the base -reduced the pH from 14 to 13. 
Now here^s the significant^point -.in both cases we were ^o in g toward 7.^ 
As weUl see shortly, a pH of 7, is the exact middle of the scale ^t which 
we h^ve neither acid^nor^.Ha^^^^^^t neutral > ' 

Continue to dilute both the acid and base by 1/lOth and each time increase* 
the number in the case of the acid , and decrease the number in the, case of 
the base . • . 

the results look like this - . 

• '■ - 

Acid pH ' Base "pH 

isO molar 
0.1 molar v 
0.01 molar ^ ; 
\ , .0.001 molar \ 

.0.0001 -molar ^ 
0.00001 molar, 
0.000001. moiir 
.0.0,000001 molar 

Notice ah interesting f^dt on the acid column - the number of decimal 
places exactly equals th^ pHl . Therefore, a change o-f 1/lOth or 10 times^ 
in acid concentration wlljl make a change of 1 pH unit either up or down. 
The^ same holds true for^bases*, A change of either 1/lOth orvlO times 
will' change the pH by l^either up or down'. ' A ! 

The following i,s. r-eally^ iiot..pl<ain language, ^d can^be skipped without too 
great a loss. / IV ' ^ i m . . 

^ ' ' * 1 

.'pH is really; a number that ^s the negative' logarithm of theV . 
molar 'concentration^ of (hydrogen ions) . * V. , 

j , - * 

Another interesting ^act^from ttie chart, if we mix equal* volumes of pH 3 ^ 
C0.0?1 -HCl) and' pH 11 *(p.001 NaOH) , the resultant solution will be a pH of " 
7, The same applies to G and l4, 1 and 13,^and so on. /Equal amounts oS Ht ^ 
and OH* neutralize and r.esult in a pH of 7, , 

A logical question at thas .po:i^nt is "Do ali acids and bases act the same?" 
Unforttmately tHey do no$. The ^najor difference comes' ^n J^he amount 'of free 
H* or OH' that is pres^ijt in solution. For example, when you dissolve hydro- 
chloric acid in/W€tt!er, all of the hydrogen ions H"*" are free in solution.. The 
same is true of"^ the sodium hydroxide and the hydroxy! ions OH".' H9wever if 
yoli dissolve acetic acid' in w^ter, all of the 'hydrogen ions H"*" are not free 
<only about 1.3% of tha total H**") and the pH is considera})ly 'Higher than wljat 
you* w6uld*'expect' for a mplar solution ^^the acid. Thus, acetic, acid (vinegar) 
*is ^all^d a weak ° acid. A good example W a. weak base is ammonium hydroxide*,^ 
(KouseKold ammonia) . ' - - ' _ 

' I - ' 

The sv^bject of ionization and dissociation will not be covered here. Just 
beardn mind that not all acids .or bases are completely ionized. 



•Re^er to the scale below to picture just how pH relates to acid and-ba^e. 
jVdding acid on the left» tips the scale pointer to the left and the -number 
gets smaller (mor^ acidic). Adding bdse on th'e right tips the scale pointer 
to the right and the number gets larger {more basic) . 




HOW DO WE MEASURE'. pH? • '* . '. , 

Although there are paper and dye incEcatbrs that djange- at different pH 
values, we shall be conceiiied only with pH meters since we are interested 
in a precise number that represents the* true pH" of 'our solution. 

i ' . , , ,■• ^ ' - : , 

First, there is a pH prolfe (which we'll?discuss shortly), which produces 
a voltage' that can be directly relate^^to the pH qf th,e sblution in which 
we place the prolfe. Secondly, th^rCisi an electronic^cirpuit within the 
pH meter cabinet 'that receives the voKage from the probe and then' presents 
it to the; meter spale. This voltage developed at the pirobe-will cause the 
meter poiinter to move . The value of the number at which, (the' pointer stops 
is 'the pH of the ^solution. . ' / " - 



Let's say we 'had three separate solutiohs. No.. l" contains 0.001 mSlar 
hydrochloric &cid(^ No. 2 contains pur© water anti No. 3 contiins 0.0001 
molar sodium Ijiydrbxide. • 



No. 1 



No. 2 



No. 3; 
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■ ) . < - ■ , 

Fill"ln the blanks with the number that you would expect the pH meter to 

read as. you move jthe pointer from solution to ^«;oluiion. (If'you wrote in 
No. \ pH *3, No. 2'pH 7 and No. 3 pH 10,' you get lO'O J ' ' 



/ 
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there arejten small divisions between 7 and 6.. Each small division ii- 
equal to q.l pH units. Thus if. the meter 'pointer came to rest at the] 
fourth small division to the right of the number 6, the 'pH wouW be 6.14 
If the pointer came |o rest betfween the small divisions, one- can estin^te 
and write'^ the value as 6.45. " ' 

The shiny |strip just below the ^cale is called mirror-backing. Its puhiose 
is to allow you to look at the pointer and if you see a reflection of il^e 
pointer in the mirror you move your head slightly imtil you cannot &ee^ the 
reflectioi^. This means titat you are loo'king directly at the pointer akd 
therefore ^the value you read is, correct. You can readily see that if • 
people rea(d the same meter, but 'fronilifferent angles, they would report 
different rvalues, the mirror blacked scale helps us alT to look at the^ ' 
same angle'. > . . . t 

! ■ • - i • ) " ■ 
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The prob e can be thought of as a battery whpse 
vc>ltage Changes as the pH of the solution in 
Vhich it is inserted changes. It consists'^of 
two parts (in fact many pH measurements are 
made with two separate probes) , first the hydro- 
gfen sensitive glass bulb and second the refer-: 
ence electrode. The special glass of the bulb 
has the', ability to pass^^^^. Tfiis ability theil ' 
'allows the H"*" inside theT)ulb to compare them-^ . 
selves with those outside* the bulb and to de- 
velpp a voltage that is related to this differ- 
ence. j This bulb then is -a half-cell and will; 
need' a coinfeanion reference to function. ' 

On the drawing notice that j'ust above the ,bulb . 
is' a reference electrode frit.- This is actually 
a smaH opening 'in the glass through" v^ich the 
inside filler solution can very slowly leak out. 
Now tj>er-r€Jationship between the reference elec- 
tr9<te and ttif solution also produces ^ voltage / 
and this is the other half cell. Jogether tjie^ 
pH sensitive bulb and the reference eleptro^^ 
constitute the complete probe: * I 



Si 



The value- of vo'ltage produced by ^tfie^ probe' is 
fg1:tunately a linear function 'of tfie pH. For ' 
example, at pH 7.00, the probe produces 2ero volts 
.while at pH 6.00 it produces 4-0.06? or -^60 milli- 
volts, ^lotice^the plus polaritty m^rk; if the , 
voltage were of minus polarity,, the meter pointer 
would go to the -right tp a pH reading of 8.00. 

Generally, a probe will produce ab|ut 60 millivolts 
for each, change of 1 pHmnit. - Thui, a probp voltage 
of ■♦•300 millivolts wp^d cause the. meter t6 read 
pH 2.00 (^300 i 60 =-'S^units, 9-2^2). 

Since the pH meter and probe are bpth ejlectronic-^ype devices, you mig^t 
like to hai^e' some standard pH solution that .you can measure and be" sure that 
everything is calibrated correc^lyl* These solutions ^re avkilable and; they 
are called standard buffers^* You'll soon find that a buffer is a vital part 




REFERENCE 
ELECTRODE 



pH SENSITIVE 
BULB 



^of all pH measurements. 

A buffer is a solution of a particular pH that h^ the ability to resist 
change in pH, (By the way, buffer^ in our. blood system are what keeps^'us 
al^ve and healthy.) • . " . * j I 



^ Here's an fexper^ment to demonstrate the ability of buffers to resist change. ^ 
Take two glasses and in one place iiistjllled water.* In the second, place a 
^buffer ne^r pHHr7.00. Next measiiref and redord the pH at the start* Thpy 
should both be ne^r 7.00. Now, adji one drop of concentratjed hydrochloric 
acid to each g-lass. .Stir, and ag^in recbrd the pH. Do this for sever^il dro'ps 
with a measurement l)etween e^ch drdp. You sljould find the distilled water 
drop in*pH with each drop. The buffer on'^he other hand, sht>uld resist change 
.until, you exceed its buf fearing cap^ability. - ^ 



ERLC 



64 



4 lAb-6 



We won'.t go into why buffers act this, way. SuffjLce to say it has to do with • 
a phenomenom called common-ion* effect . Look it up in your chemistry text. 

* ' Temperature is also a very important factor in pH measurements and there's why.* 
We said earlier that the voltage output of a probe was about 60 millivolts per. 
pH unit. However we didn't confuse you by telling you that this is true only 
at *25*C (room temperature).. If you reduce the temperature to 0*C, the probe 
wiir provide 'only about 54 millivolts. And if you increase the temperatxire to 
100* C the probe will provide ^bout 70 millivolts per pH'-unit. 

You^^n easily- see that you must have some way of correcting for this, or 
make all of your measurements at 25* C. ' 

Let's re-itate this, situation as a problem and see if we can get a clear under- 
, , .standing of What's happening. . 

Prob lem : ^How to make a pH ieter rea^ the correct value of a buffer or sample 
solution at all temperatures. ' ^ 

^ Probe output for each pH unit . ^ 

. V 

O^'C ^ 54 millivolts 

/ 25'C ' 60 millivolts 

, ' ' 50'C 64 millivolt's 

' * y * 7S'^ 68 millivolts ' ^ ' i - 

100* C 70 millivolts < ; ; 

In looking at this table we realize that our pH meter must be able to moye 

one pH unit with 54 millivolts input or 70 millivolts or any value in between. . , < 

Most meters can do this. ^ . , . - 

Soliitioiy Let us put "a sensitiv^ attenuator in the meter and ^adjust * it ^ 

ffrslTto work with 54 millivolts to move 1 pH unit.' We'll have a knob on 

this attenuator and mark the point at which 54 millivolts^equalled 1 pH 

unit: Next, let's move the attenuator to a position where^^it requires 70 . % 

millivolts to move the pointer 1 pH unit. (By the way, we can apply these j 

voltages from aj voltage source, and do not require a probe.) In the same 

way we can set 60 millivolts and so forth. Vfhen vfe" are finished we'll have ^ 

a knob control in which we canyset the .proper sensitivity of the metet tq' 

correspond to t^e temperature of the sample solution. ^ - 

Pinally, since |ve are really concerned only with nH!(and not mi I'liv^^gPTs) 1 
** let's erase the^ '54 mil 1 ivolt^ and write instead 0 For the 60'mi'llivolts > ^ 
write 25" C and so forth around the circle. * • , ^ ' 

At thifc point l^t's review a little and then we'll make a bona f^ide pH 

measurement. j ' << ' ^ , 

First we discussed the meter and its mirror-backed scale. Next we found 

that probes are^ really two-piece affairs. '(r6ferenc^ and pH sensitive bulb) 

that produce millivolt putputs and vary with pH. Then the important buffers . ^ 

were described »and finally we found that temperature played a vital role;in 

-accurate measurements. " • ^[ 

— j • * . ♦ 

To pass the coiirse, we must successfully use this information s^nd produc^ fin 

accurate pH measurement. Assume for the moment that fomeone has just handed^ 

us a bottle containing a watery solution and asked "What is the pH of thi 

Here's how to jjroceed.^ 'r^rr / ' ^ ' 

O . . ' ■ i4b-7 ... 
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1. Be sure your pH meter has b'een calibrated and is operating correctly as • 
described in your instruction manual . 

2. Turn on the pH meter and allow a few minutes warmup. 

3. Set the Temperature dial to the temperature of the sample (we will assume 
that the, sample and buffers are -at rcom temperature). . * 

4. PJace the pH probe in a 7,00 buffer and position the pointer with the Set 
.knob for a ^;ieading of 7,00, 

s: Removetheprobe. rinse, wipe, and.theniHBnerse it in the unknown. ^ ^ 

6, Note the' reading. If it is near 7.00, regord the exact value and the 
measurement is complete*. , ^ ^ 

7, If it is below 6.00 or above 8.00, then select a buffer that 'is closest to 
• the unknown. Place the probe in this buffer after a rinse ai^d'wipe^ Use 

the S^t control, to make the meter read exactly -^the^ value of l^e buffer.. 



^8. Reipove the probe, rinse, wipe and place in the unknowiil^|lot;^ the realding. j 
The accuracy of this reading will defend primarily on the accuracy of the ^ 
standard buffer. 'The closer^^tKexb'uf^fer value to the unknown* t')e more 
\ accurate the reading. ih ^ * * 



, NOTE: ff the unknown ii^his example had read a value above pH jl2.00, 

you should sulbstitute a special probe -that is designed f or, pH measure- 
ment in hi'ghly alkaline solution. Most general purpose probed begin 
to lose accuracy above pH 12.00 3ue to sodium ion, ' ) * 

. Before we end this'section on pH measurements, let's discuss anorther problem 
and -find a solution. ' ) 

I Problem : You are required to measure a jseries of solutions that may differ 
? by only 0.,1 pH units. - ^ ^ 

^ Discussion : The meter we described Had 10 small marks between eax:h pH unit 
4 and each of these marks was 0.1 pH units.. In the pi'oblem abpye, it* would be 
I very difficult to see the small differenpes on that meter scale, 

\ Solutic^l f* We expand the scale ten times. Thus we use an ^expanded scale meter 
and each number is now equal to 0,1 pH unit arid each small mark*equals ft. 01 
\ pH unit, Now^ll we need is a buffer in the vicinity of our-unkhovih and we cai 
^ easily and accurately make the required measurements. ^ ' 

Of course, we could also have used a. digital readout pH meter and, read the re- 
' suits directly. * ' ^ ^ • ^ ^ - 

* 



RESIDUE ON EVAPORATION 
(Total and Volatile) 



PRINCIPLE: ^ . * . > . \ C 

The liquid portion of 4« sample is evaporated by means^^of a 
steam bath or an in&ra-red lamp/ The solid material ^which 
represents bo±h the s^uspended^ond the dissolved matter is then 
dried ^nd weighed. * ^ ' 

Large floating particles or_ non-homogeneous particjjas should 
be excluded from the sample. ' 

- \ -> 

The presence of oil and grease makes it difficult to get a 
repi^esentative sample. They also complicate the drying process. 

sampl|:: , ' ' ^ ' ' 

A sample of 100 kl is usually adequate. 

EQUIPMENT: , ' , c ^ 

1\ Evaporating dish • ^ o ' j ^ 

2^. Steam bath at infra-red lamp ^ 

3. ♦ Drying Oven - ^ ' ' 

4.. > Desiccator^ ♦ ■ 

5. Analytical balatfce ' - ' * 

6. Muffle furnace . \ ^ 

PROCEDURE: (For total residue on evaporation) 

1. Evapor^^e 100.0 ml of .sample' in a^tared evaporating dish 
using a ste^n^ bath or an infra-red lapp-Af. * ^ 

7 2. Dry to constant weight at 103°C for an hpur. 

/ * 3. Cool in desiccator, and weigli. 

PROCEDURE: (For voilatil^e residue cm evaporatj-on") ^ , 

1. After to^talj residue on evaporation has been* determined^ 

ignite evapi)rating dish in a muffle furnace for 15 minuted 



at 55^°C. I ' 



Note: When used for -volatile residue on evaporation,* 
the evapOTating 4ish toust Be initially tar^d after 
ignition at 550*'c"'for 15 minutes* ' ' ' 



^ CALCULATIONS : ^ ^ * ^ / ^ - 

A_« Tared weight of evaporating dish , { * 

\^ 

B'* Weight of dish and dry residue ^ ^ • ' . 

C = Weight ot cjish and residue after ignition in muffle furnace 

* > o 

mg/1 tot^l ^residue = (B ~ A) x 1000 J 
' ^ • ml sample 

mg/1 volatile resi'dye = (B* ~ C) x 1000* 

ml sampJLe ' • / • 

* - \' . 

REPORTING: '* , ^ 

' ~ J \ ^ 

Two values may be obtained by this method. ? 
, V * Reportf^as determined: - ' -Ia ' 



mg/I total residue 
mg/i volatile residue 



SIGNIFICANCE: ^ \ . " 

This^ te^t is mdst useful in measuring the strength of stong, 

highly soluble orga^iic wastes'. Total residue may be difficult to 

Interpret, j Volatile-, residue of strong wastes may give a goodie 
measure of the pollution potential. =^ 



REFERENCES : 



^ StandaiTjd Methods .for the Examination of Water and I Wastewater , 
isth, Editic^, 1971 ^ p ^3^. , ' ^ ~ 



SUSPENDED MATTER 
(For activated sludge mixed liquor) 



PRINCIPLE: 



The suspended matter in aeration tank mixed liquors is determined 
by .filtration, drying and weighing. Various methods of filtration such 
as the 'aluminum" dish in the Buchner funnel, large diameter filter 
paper in the Buchner funnel, membrane filter holder, Hirsch 'frit ted 
glass funnel and Gooch crucibles are <^used. 



200 milliliters of activate.d sludge collected at outlet of 
aeraHon tank, , • ^ > 



APPARATUS: . . , ' 

1*. Aluminum dish, vCriVh a perforated bottom similar to a 
Buchner funnel, inside diairjeter 92 naa, height 25 mm. , 

2. ' filter 'paper , 90 mm diameter, E & D J/615, l^atman //I,, or equal. 

3. Sponge rubber' ring, 93 mm outside diameter, 75 mm inside ^ 
diameter, thickness about 3 nm. * ^ 

.4. Buchner f^unnel, #2A, inside diameter at bottom 93 mm., 

5. Filter flask, with side'tybe, 1000 mi size. . 



PROCEDURE: ■ , „- • ^ 

-Note: Alternatively, one may use a larger diameter f iljter^paper 
so that the paper\extends up the wall of the funnel 4 Co, 2 cm.. 
This eliminates the need for the alumiaym dish._ 

1. Dry the dish and filter paper in an oven: 

J- 

c 2. Cool in a desiccator and weigh. 



3. Wet the filter paper the dish and plac^ dish oifi the rubber 
^^ring iiWhe Buchner funnel. ^ 



4, Place jBuchner funnel on suction flask and apply vacuum to flask. 

5. Add a measured' volume of 20 to 100 ml sludge (which shouid^ 
yeiid 0.2 to 0.4 g dry solids) to th^ filter paper in the dish 
and extract the water. 

• ^ 6S ' . 
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'6. Remove dish with lllter paper containing solids and dry in 

oven at 103'' to lOS^'C for 30 minutes. ' ^ 



7. Cool in the desiccator ecnd weigh* 



CALCDLATION: * ^ 

rag/1 suspended matter = «Cvt.of dish & dry^mg^tter-wt > of dish) X 1000 
•"(raixed liquor-) ' mi of sample filtered 



SIGNIFICANCE: 

This test is used to. measure the amount of suspended matt^er in 
the aeration tank mixed liquor. The results in rag/1 are tised in the^ 
calculation of SDl and SVI. ' 



PREFERENCES ^ ' < 

_ Standard Methods for the Exaraination of Water and Wastewater , 
(12th Edition), 1965; pj 541. 

Standard Methods foi[ the Exaraination of Water and Wastewater, 



(13th Edition) ,^ 1971; p 



.537-38 & 560/ 



The Operation. of a "Chicago" Activated Sludge Sewage Tr^atraent 



Tlant , -Instruction Bookjlet 1165-2. 



■ J 
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RESIDUE, SUSPENDED \ 
(Total and Volatile) 



PRINCIPLE:' - ^ 

Suspended matteif is determined by filtration of a sample through 
a previously tared glass fiber i^t artd Gooch crucible. The crucible 
and solids are then dried and v^eighed, ignited 'and reweighed f or total 
and -volatile solids respect ive/y*. 



a: 



SAMPLE: 



A sample of 100 to 1000. ml is required, depending on the concentration 
of suspended material. 



EQUIPMENT & SUPPLIES: 

• . <• 

1. Glass Fiber Filter discs, Reeve Angel 934AH, (312 cm. ffts a 
bitumen Gooch) 

2. Filler. holder " ' 

3. Gooch 'Qrucible (Size of crucible related to size of filter discs) ^ 

4. Suction flask, 5(J0 ml ^ ^ 

5. Drying oven lOa" - lOS^G. 

• ' ', ■ \ 

6. Desiccator ' • . * 

7. Analytrlxal Balance, 200 g capacity, capable#ol ^/ei^hing to^O.l mg' 

8. Measuring devices- (graduates, t)ipet8) <^ , ' * 

9. Forceps , * 
, . 10, Vacuum source 

11, Muffle •furnace ^ 

PROCEDURE: , . , o ■ . . ' 

, For totals Suspended Solids - , ^ • * 

A;" Preparatibn of ^tared crucibles. , * ^ - 

: \ : ^ . ^ 

1.' Place fiber disc wrinkled side up in clean gooch 

crucible which is permanently markecl for identification. 

7i 



17-1 



^ ... • ,■ • 

2. PlSJl^^crucible in crucible holder on vacuum flask 
.with vacuum on. ^ 

3. Wet filter disp with distilled 'water. 

4. Rinse with 200-300 ml of distilled water. 

5. Place crucible in drying oven for 1-hr. at 103^ - 105^C. 

Note: If crucible ,is tp be lased for volatile solids, 
; / it must be ignited at 550^C for 15 minutes.^ - 

6. Cool crucible in desiccator and weigh to nearest one- 
. tenth of a milligram. ^ ^ ^- 

7. Replace in tiesiccator until ready for u^. 

B. Sample analysis for total Suspended Solids, . ' 

OL, 'Pl^ace tared crucible in crucible holder 6?i vac^i^m fla3k. 

«» 2. Dampen mat with distillec} water, and draw filter disc 
wi6h vacuum. • ► 

y* Measure- 100 ml of a th^proughly mixed sample in a 
graduated^-cylinder . 

4. Filter entire 100 ml of sample. (see notes 1 & 2) 

, * • * f- 

5; Rinse the graduate with two 10. ml portions of distilled 
watap and ^dd each ^ ml portion of rinse water to the 
filter. ^ , ' ^ 

6. Dry crucij)le at IQT - 105^C for 1 hour. ^ 

7. Cool in desiccator and weigl^. , ' 

Note 1. The en-tire quantity measured in a, graduate must be ^ ^ 
filtered since solids settle" rapidly. ^ Should a sample 
^ *show evidence of not. filtering at a reasonable rate, the 
procedure should be repeated using an aliquot pf the 
sample. . _ ^ ' * 

Note 2. On a clear sample one may want to filter considerably 

tfiore than 100 ml. . v ' . ' " * . ^ 

Note 6. If a large amoun^t of solids is trapped on the filter, the 
crucible may require prolonged drying in ordet to attla,in 
constant weight. , ' . . . ^ \ - 

C. Procedure for volatile Suspended Solids ^ ^ 
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1. After. determining the total Suspended Solids on the - 
sample, the crucible is put into a muffle furnace for 
20 minutes at SOO'^C* 

^ , ^2. Cool in desiccator and weigh. ' . "v. 
♦ 

CALCUUTIONS: *• . . 

A = Tared weight of cruible and filter* . 

B « Total weight of crucible after filtration and drying at 103*^0. 

C j» Total weight of crucible after ignition in muffle furnance. 

. (B-A) X 1000 ^=Tng/l total suspended solids ' 

ml *of sample 

i ' ^ ^ 

(B-C) X 1000 ^=mg/l volatile suspended solids. 

* ^ « ml of sample 



REPORTING : 

Report as mg/liter total suspended solids, and mg/fliter volatile 
suspended solide. ' , ' 



SIGNIFICANCE: ^ - , ' . 

?0n.. sewage 8ampJi.es, the suspended solids test is guite useful in 
determining the efficiency of sewage treatment plant settling tanks » 



REFERENCES : I? > 



Standard Methods For The Examination of Water ancl Wastewater , 
(I3"th Edition), 1^71, pp. 537-538. . • ^ 
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'' * ■ SETTLEABLE MATTER 

' " (Imliof.f 'Cone Methbd) 

PRINCIPLE:. « , . ' ' . - . . : — . 

: ' / ' : ■ - ' " \ 

Settleable matter is ^deterratfle-d in a speci^^al cone' shaped piece ^ 
of glassware or plastic in which^ the se^^ge is allowed to settle 
for one .hour and the volume of the. settled .material is read f^m 
the calibrated tip of the cone/" < < 

S'AMPLE: „ ' - - - • - ' [ / 

One liter each of raw, primary and * final effluents is requireds ^ 

APPARATUS: - ^ ' 

Imhoff cone, support and glass rod, • • * ' ^ 

PROCgDURE: 

1. ^ FiJLl ^n Irahoff- cane to fhe liter, mar4c with a well ijii^xed sample. 

2. Settle for 45 rainutes^and then very gently stir the sides ^ 
the' cone^with a rod to dislodge suspended .rfiaterlal that clings^ 
to the' tapered sides of the cone/ , , 

\ '\ • ' . ' ' . . > 

3. Settl^,15 minutes, longey^ and read .the volume p'f settleable , , 
matier'in ml/lit^r, ' ' ' ' . . ' 

REPORTING: ' « ^ ^ ^ . • 

Report as,, ml/ liter settleable matter, ^ . ' 

REFERENCE : " \ " . , 

• Standard -Methods For The Examination of Water >and Wastewater , 
'(13 th Edition) ,^19 71^ 539- ] ~ 



SETTLEABILITY 
(Grad^uate method' for activated sludge) 

4 >' 



PJUNCIPLfe^ 



A sample of activated sludge is allowed to settle in a gra4uated 
cylinder. For plant dontrol a 30 minute settling period is ' ^ 
generally xised. \ . < - 

SAMPLE: ^ ^K" 

One*i'lter of activated sludee . ^ ^ ^ 

APPARATUS r ' ' ■ 

A one-liter graduated cylinder is required. 



PROCEDURE : 

< , 1. Fill the' graduated cylinder to the 1000 ml mark with activated 
' ' sludge. ' . • 1 ' ' . J 

2. Read the volume in iml occupied by the sludge at 30 minutes 
^ of settling time. • . * • . ' 

Note: Occasionally it may be helpful to study the settling rate ' 
'by recording the volume occupied by the sludge at settling times 
of 5, 10, 20, 30, 45 and 60 minutes. 

, REPORTING: • , 

, . Record ml of sludge and Ifength' of settling period. 



SIGNIFICANCE: 

^ The settleability test is used by pl^nt operators%q^etermine 
when, to increase or decrease the returned sludge tate and**tWieh to ^ 
waste sludge. 



REFERENCE : 

Standard Methotis For The Examination of Water and Wastewater , 
(13th Edition), 1971; p- 560. ^ I 
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SLUDGE AGE 



PRINCIPLE: ♦ 

- Sludge age is (Refined as the ratio pf the total weight of ^ ^ 
activated sii^ge in the plant to the weight of suspended soTids • 
removed from the daily flow of settled sewage.. - 

Sincd* this is -a calculation, certain information is requir^ed 
about the plant and the operation such^s volume of aeration tank, 
daily flow of settled sewage, mg/1 suspended matter in the ' activated ' 
sludge and' mg/1 suspended sqlids in the primary atid final effluents* 
Procedures 'in this Wnual provide methods for obtaining the data 
on concentration o&9*Bugpended matter in the activated sludge and 
the suspended solid.s on the primary and final effluents. 3 

CALCULATION: ^ w 

To make the following calculation it is assume^ that no sludge 
Blanket exists in the final clarifi^r: - f - , 

Sludge= Vol. of aeration tank .(mil. gal.) :t 8.34 x mg/1 susp . matter in aeration tank 
Age Settled sewage daily flowCmil .gal)x 8.34 x(Prim. ef f . SS-Final Eff.SS la mg/1) 

. • # ^ - \ 

*0R > 



* = Total pounds of activated sludge 



\ ' 'Total .pounds SS removed from primary eff. per day 



SIGNIFICANCE: ^ 

♦ 

Generally the older the sludge the higher will be the suspended 
solTds- and the lower will be the sludge volume index. Sludge age 
may be information useful in controlling some plants. - 



REFERENCE: ' , ^ 

Simplified Laboratory Procedures for Wastewater Examination , V/ater 
Pollution"Contrbl Federation, Publication No. 18,. 1971, pp. 34-35. 



t 



SLUDGE I DEN SIT-Y INDEX (SDI) 



PRINCIPIiE: 



The. SDI (sludge ^ensity index)..is a method of me-asuring the 
'settling quality of activated sliidge. 'It differs' from SVI in that. * 
the higher the SDI value, the, better is the setLling quality of the- 
aerated)ri^ixed liquor. Similarly, ^he lower the SE^T, the poorer is 
the settling quality of^the mixed /liquor . ^ SDI is the concentration 
in percent solids that the activated sludge will assume after s^ettling 
30 minutes. ' ^ ! ^ ^ 



Thfe. results from the ^u^pended solids test and the settleability 
test, both in the. mixed liquor, are used in calculating the '^SDI. ' The 
SDI is also the reciprocal of the sludge volume index (SVI) multiplieclj 
by 100, 



_ CALCULATION: 



SDI = mg/1 suspended solids (mixed liquor) 

ml settled sludge (mixed liquor) x 10 , ^ ' *\ 



SDI ^ 100 



SVI 



SIGNIFICANCE: • 



Sludge with a SDI of one^ or^ore is considered to ha^e ^good 
settling characteristics. 



^. ^ REFERENCES: 

. - , Standard Methods fo-r the Examination of Water and Wastewater, 13th 



Edition, 1971 561. , v 



Simplified Laboratory Procedures for Wastewater Examination , Water. 
Pollution Control "federation*; Publication No. 18,'i971, p. 34. ' 



SLUDGE SOLIDS 
(Total and Volatile) 



PRINCIPLE: 

Total <solids in sludge is a measure of all material present m » 
sludge, both in Suspension and in solution, Thi^ test is accomplished 
by evaporating a weighed sampTe on a steam bath. Unlike total solids 
in wastewater which is expressed in'mg/1, total solids in ^ttidge is 
expressed in terms, of percent by weight of the total amount of solids. 



APPARATUS : ' ; ' 

I 

1. Evaporating dish. 

2. ' Steam bath. 

3. ^'^Drying oven^. 

A". Muffle furnace. 

5. Balance capable of weighing to 0.01 gram. 



PROCEUURE: ^ ' oo • 

I. Select an evaporating dish that will hold 25-50 *<^rams ^sludge, 
' clean Che dish, pl.ace it/p a muffle furnace for. 15 or 20 

minutes. » Then air-cool -slightly and put -the dish in a 
, desiccator for complete cpoling before weighing^, Weigh dish , 
and record %s . j ' ^ ^ ^ 

2.. ' Pour a portion af the well-nfxed sample (25 to 50 grams) into^ 
the'dish,. then weigh samdle and dish together. ^Rex:prd^as 

3. Place dish on steam bath .*and .evaporate to dryness?. Than 
put dish in drying ^oven for 1 hour. aC 103 "IC", codl in a ' 
desiccator, and weigh'. Record the weight as W3. , 

A. After weighing the dish ^nd dry splfds, compote the/.^ercent 
solids. * . ' 

5. Place dish from step A in muffle furnace at 550''C until the 
sample is* burned completely. The length of -time fot complete 

* burning dep^ends on the size of the sample. 

6. Cool slightly, then put dish in A desiccator for complete . 
cooling before weighing. Weigh the dish and record as W4. 
The loss of weight (Wj ^ W^) is t^e volatile solids. The> ^ 

* : percent volatile $olids then may be jcomputed. 



Percent 'solids = weight of dry solids (W3 - ^1 ) 
^ weight of wet sludge* (W2 ^ Wj^) 



.X roo 



T«cent volatile -solids 



weight of volatile solids (W3 - W4) 
wf5j.ght of dry solids (W3 - W^^) 



SIGNIFICANCE: 



The determir^ation of tatal sludge solids' gives a me^feure of ' 
the concentration of the sLadge. The volatile sludge solids determined 
in the raw and digested sludge can give valuable information on the 
loading of a digester and completeness of digestion. 



REFERENCES: 

Sicdplified Laboratory Procedurek f or,i?astewater Examination , :Water 
Pollution Control Federation, PiSblication No, 18, 1971, pp. 29-3^0 • 

Standard Metjhods for the Examination of Water and Wastewater , 12th 
Edition, cl965, pp. 534-535. 
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SLUDGE VOimii INDEX (SVH 



PRINCIPLE: 

' • The SVI (sludge volume i^clex) of activated sludge is def-ineci 
as the volume in ml pccupied.hv 1 ^ram of activated sludge after,, 
settling 30 minutes. 

\ - ^ " ' 

The results from the suspended solids test and the set|tleability 
test, both on the aerated ijiixed liquor, are used to" calculate the* 
SVT. -. ' ^ * ' 

CALCULATION: 

SVI =^ ml of settled sludge x IQQQ 



mg/1 of suspended' matter jLn mixed liquor 
SIGNIFICANCE: ^ . 

The lower the' SVI, the better is tJ\o settling quality ofrthe 
aerated mixed liquor. High SVI values indicate poor settling " <. 
qualities. Sludge wixh a SVI of 100 or les^ is considered^a good^, 
.settling sludge. ^ 

» 'I > . 

REFERENCES: ' . .. x ' 

Standard Methods; for the Exa>nination of Water and Wastewater , 
I3th Edition, 1971, p. 561. , * ^ 

Simplified Laboratory Procedure's fo» Wa st ewater Examination , 
Water Pollution Control F^et^eption., PubMcation No. 18, IWl , p. 34 ^ 
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TEMPERATURE 



Accurate temperature measurements are\necessary to maintain 
optimum conditions, for biological activity such as anaerobic 
digesters.. Temperature readin-gs are necessary for other purposes / 
such as calculating dissolved oxygen saturation values and detectioh 
of industrial waters of abnqrmal temperatures. Many laboratory 
^ests depend upon accurately controlled laboratory test "condit ions 
such as the BOD test incubator, bacterial incubator, and drying 
oven. . - . - 



Thermc^meters for fielLd^use should be^provide^with a metal 
dase to minimize^ breaK'age . iMost thermometers for laboratory use ^ 
should be the standard laboratVy thermometers with a ranges of 
-10°C to 110°C. All thermometers should be mercyry filled with the 
centigrade scale subdivided to 1°C. For the fecal coliform incubator 
a special thermometer with 0.2°C calibrations is required. , 

V — ^ ^ \ 

Thermometers are calibrated for either "total-immersion"' or ^ 
"partial-immersion".' Total-immersion 'thermometers,, must be immersed 
completely in the medium to be measured to yield the *&orrect temp^ 
etature. Par.t ial-immersion thermometers di^tfer considerably in ' 
that they must be immersed to the dept^j^pf the fetched circle which 
appears around the stem b^low the ^scei-le. Theri^ometers may give a 
inaccurate* readings; therefor^, all thermometers should be^hecked 

periodically against a ccrtif^ied thermometer to determine their - 

accuracy. ' . , . , * 

Care must bo exercised in reading thermoifi^ters and tempera tui?es ^ 
Should be recorded to the nearest degree. 
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Equipment List 
• Laboratory Tests and Measurements 



0. 



(1) 

• (T) 
(8) 

(6) 



^ 

(1) ^ 

(1) 
(1) 

0) • - 

(1) 
.(1) 
(1) 
(1) . 
(1) 

•(2)- 
<(1 Pk'g.) 

(1 pkg.) 



(1) 
(1) 
d) 
(1), 
(1) 

(V)' 

(1). 
• (1) 

(.1) 



3. 



Acids, organic- (colorimetric method ) . 

A. 6 02. bottle for sample 

B. ^ Colorimeter or spectrophotometer 

C. T^t tube rack for. 3/4" test tubes * ' ' - 

D. Test tubes .3/4" . . ' 

E. Water bath - . " 

F. Bunsen burner ' ■ J 

G. 2 ml . pipet • ' . * - 

H. 10 ml . pipet • » .• ; . . 

I. test tube j^opoers ^ . ' ^ 

Acids, organic (column chromatographic method ) ^ 

A. 6 02. bottle for sample ^ " ■ 

B. Fume hood . ^ 

C. Vaeuum source 

D. Gooch crucibles ,• coors No. 3 tall -form, or special 
'kontes chromatographic column v/ith_/extra coarse'd^c 

E. " Crucible holderO - 

F. Filtering flask - 250 ml . 

G. Buret, 10 ml . 

H. 1 ml pipet 

I . 5 ml . pipet ; ' 
J. Graduates cylinder - 50 ml . 
K. Erlenmeyer flasks - 125 ml. 
L. Glass hitler filter paper 2 cm-. 
M. Funnel - 65 mm. # - • , * 
N. Filter paper, Whatman #2 -"12.5 cm: 



Acids, volatile (distillation method ) 
A. 16 02. bottle for sample . ~ 
Centrifuge 

500 fliT-. round bottom distilling flask 
Condenser • ' • | ■ 

?Wapter tube ' . 

Ring stand' support with^ ring and clamps* 
Fisher gas burneV- , ' • 
Buret, 10 ml..^, - , 
250'ml. g^^^ted cyljjider 
250 ml .""Pnenmeyer flask-/ 



B. 
C. 
•D. 
E.' 
F. 
G. 

il. 

I-. 
J. 



(.1) 
(1) 
(1) 



(1) 
(1) 
(1) 



Alkalinity ' \r \ 

A. 10 ml . pipet 
,.B^. 125 ml. "Erlenm'Gyerv flas^kv 
C. 10 ml . buret ^ 



Chlorine,^ 



Residual 



A. Test tube (25 X 150 mm) 
^B/ 1000' mV. amber "bottle . ' ^X- 

Qf. Chlorine comparator, turbidity compensating 
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Cyanide (colorimetric method ) , 

A. 6-oz, bottle for sample ^ ' 

B. Test tube rack (25 X 150*mrn size) 

C. Test tubes (25 X 150 mm)^ 
tes^t tube stoppers * - i' K - 

E, 1 cm. instrument cell ] 

F, Pipet -"TO ml volumetric ^ 

G, Buret, 10 ml . ' 
H- Vt^jS^tric flask; 1000 jnl . 

Plant Loading . ' ^ 

(Incomplete) ~ - ; - • ' 

' Biochemical oxygen demand (gradua^te djlutign method ) 

A. BOD bottles > - - • 

B. Siphon t- . / ' - . 

C. Incubator ^ . (D.O. Equipihent for BOD 

D. One-liter graduate , * ' is listed linder Ch. 11) 

E. .Plunger-type stirrer 

F. Stoppers fbr^BOD bottles ^ 
•G. 5 gal. container for dilution H2O 




10. 



(1) 


- A. 




Li • 


(1) 


c. 


' (IK 


D 


2)" 




(2) 


F. 




' _ G. 


-^(1) :?! 


' H. 




I. 




" j: 




K. 


-(.1) n:- 


L. 




M. 



1) 
1) 
(1) 
(1) 

(3) 
(3) 
(1) 
(1) 
0) 



(1) 

(1). 

(1) 
(l) 
(.2) 

0)- 



two-quart bottle 

iboO ml .graduated cylinder , 

^'tirring rod 

]topper for^ 2 quart bo-ttle 
^OD bbttles ' 
Stoppers for BOD bottles * . 
Incubator^" 

(Equipment for D.O'. test 4n BOD) 
IDJ). bott>^ 
(Stopper fqr D.O. bottle, • 
XD ml . p^pet - 
2^0 ml. Eclenmeyer flask 
Byret, graduated .t.o 0.1,'m].^ 
D:0. sampl^er ^ 



n. Dissolved Oxygen (0.0.) - 
:Se^ H'" M,Th. 10) 

• 1 •'^ ' ' '''' 
12.' Dissolved Oxygen (copper suTfate 

a] -D.O. sampler 

B 10 ml . pipet 

C/. 500 ml, Erlenmeyer flask 

Buret, graduated to .1 ml. 

D.O. bottles 

Stoppers for D.O. bottles 
Siphon 

One quart wide mouth bottlq. 
Stopper for one quart bottle 



13. Oxygen Demand Index 

Electrically heated wafer bath (kettle 
on an elqctr^ic hot plate* or Bunsen burne 

B. colorimeter or spectropho^tometer with on 
tube cell or equal 

C. Test tube rack to hofd 1 inch test tubes 

D. 10 ml . pipet 
,E. 25 X 150 nm test ti/bes 
F. Measuring spoon 



- sulfamic modification) 



of/ water boil ing 
is satisfactory) 
inch test 
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14. ph determinchfign ^ ' ^ • 

(1) ' A. pH probe . . 

(1)^ B. pH meter 

(1) ' C. standard pH solutions (buffers) 
4^) f '—B-. — 250 ml . boQkor G - 



15r:- Residue on evaporati^on (total and volatije ) 

(1) E\^aporating dish ^ 

(1) ^ ^ B. steam bath or infra-red lamp 

(1 )' ' ^ ,C. drying oven 

(1 ) r ■ D. Desiccator 

(1)^> E. Analytical balance 

(1) Muffle furnace 



0- 



_4 



Quan> Ch> . ^ - ^ - 

^ ^ 16. Mixed liquor, suspended solids (MLSS ) 

- (1)' A. Aluminum dish, with perforated bottom similar to a ' 

Buchner f unnej , inside diameter 92 mm,vheight ;25 mm. 

0 pkg.). B. Filter paper, 90. mm diameter, E + D #6f^ Whatiman #1 , 

M ' « or:;- equal , * - / " * ■ .-^ 

^ ' (1) C. Sponge rubber ring, 93 mm outside diameter, 75 mm instde 

• ' * . ' diameter, thickness about 3 .mm - . ^ . 

(1) D. Buchner funnel, #2A, inside deameter at, bottom 93 mm 

(1) E. Filter flask, with side tube, 1000 ml,. ^ 

" (1) - F* .Drying oven - - . • . . . 7 ^ f 

(1) . .6. Desiccator ^. „ ^ . , "4^..,. 

5 (V) ' ' [^H. ^Suction fla$k. . ' \ ^ *\ ' ^ ^ 

(1) I. ''Vac^uum pump * ; 3 • 

Residu^, suspended (Total and volati-leQ ^ - ^ . ^ * 5 

A. Glass fiber filter discs,- reeve angel 934 AH, (312 cm. ' • 
.fits a bitumen Goocti) ' ' ' * ' :^ • 

Filter holder ' . 

Gooch crucible - * , ' 

Suction flasks 500 ml . - • • 

Drying oven 103°C - 105^0 ' ^ . ' .. 

Desiccator ' - - 

Analytical balance, 20ag. capactty, capable of 
weighing to OJ' mg. . 
Graduated cylinder,' 100 ml . ' . 

Measuring pipet, 10 ml.- ^ ^ ■ *• 

Forceps . ' 

Vacuum pump * , ^ ' • 

Muffle fuvnace , 
~ , ^ * • ' • ^• 

;^ - 18. Settleable matter (Imhoff Con'b Metho'd ) j-' 

L: ^(\) A. Imhoff cone ^ , . . ' ' ' . 

— (1) B. /Support for -Imhoff cone . ' • ' . 

I| (1) C. JGlass rod * ' . 

^ ' ^ 19. Activated Sludge- Settleabll ity . * 

~ • ' (-1) A. One-li.ter graduated cylinder ^ - --^ 

• • ' . - " * «' 

■■ 20.; S1udqe^Aqe ^ ' ' • , . 

?=r. Wone (calculation) , ■ , 

21. . Sludge Density Index , , ' ' • ' 

None (calculation) ' • 

. 22t Sludge Solids (TotaL and volatile ) _ ^ - ^ > 

- . ■ ( 1 ) . ■ A: . Evaeprating dish ' , " . . 
' " (If" ' 6. Steam bath ^ . • •.' 
■ ^ ' (1) ' • C. Drying 6ven . > ~. . . ' ■* ' 

:iZ ' " (1) . ' D- Muffle fur'nace * ^ -• 

' h\ ■ " E. Ba.lance capable of weighing to 0.01 gram * 
r: (1)' F. Desiccator \ • ■ . , ■ 

' ' ' ' 

• 23. Sludge:" Volume Index (SVl )' ' ^ • » ' ' ° 

— ^ . ' ■ A. No"ne (ca-leulation). ^ *" * 
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24. Temperature / - > ' 

(1) ^ ■ A. Thermometer Subdivided 1°C 

(ly B. Thermometer subdivided to. O.^^C 
(1) Total -immersioh thermometer 

(1) % Partia:l-immersioa thermometer 
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Equipment 



'• ^ Lab'oratar\i Test (Chapter Numbef ) - ' . i ^ ^ Quantjfty 

2' 3 4 -5 6 -7 8 9 10 ' 11 12 13 14^15* 16 17 *18 "19 20' 2 1 . 22 ' 23 24 . Max:. Min.5 
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Hnoph riTiiPi H^pj^ 
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DO Samoler'* 


» 


• 




• 


t 








1 ' 


1 


1 ■ 


















A. 
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1 ctn TnstSttitnpnt: Cell 
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4. V - 


Funie Rood 
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- 






< - 


' % 




^ 1 




.r, 
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i 

1 


Cruc^Le^o Ider 
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f - 






*1 . J 


Fun 
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i. 


^ ; 
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£^ X X U ^ ^ ^ 
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4^ 


BnVtlpc! 




-V 












• 


3(h) 










it 


• ' - * 
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Si?oppers for Bottles 
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^Chlorine Comparator 
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1 . 
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5 Gal, Container 
















1^ * 
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a.pi\ingef, Type * 






g^lOOO'mX-$nber: ."^^ 
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b. 65 inq^ 

c . Buchnei: v33 ram.. 

d. l. pkg ? cin;^a I 

e. l pkg 90 nfln 



pkg jJ 





• h. 2 :^t . • 












\ qt. ■ 


c 

r - ^ 


l'2.5 cm 


j.2 qt'; 










R. 1 qt-: ■ 
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.A - 
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Efluipment 



Laboratory Test (Chapter Number) 



Quantity 





2 


3 


4 > • 


5" 


6 


T 




9 • 


10 


11 


12 


13 , 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


Max. 


Min. . 


Aluminum dish, 
inside diameter 
' 92 mm, ht, 25 mm 






/ 














- 










1 














> 




1 - 


r 

1 


^ Sponge rubber ring 
93 mm outside di,a. 
75 mm inside' 
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Measuring spoon 
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i[ Beakers , 250 ml , 
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^ Fitter Holder 
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Forceps 
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5 Imhoff Cone ^ 
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Support for 
* Imhoff Cone 
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^ Thermometerf 

•divided tb I'^C ' 
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■ i 


Thermometer 
v subdivided to 0.2°G 
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I 


" 1 


Total-immersion 
Thermomifeter 
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1. 


1 


% * Partial-immersion 
Thermometer 
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1 


1 


1 ■ • * 

^S^mple Bottles 


6 oz 
1 . 


6 oz 
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6 oz 
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^ Standar* pH , 

\ solutions, buffers 
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Equipment 



Laboratory Test (Chapter Number) 



Quantity 



Teal: Tube Rkck 












1(a) 












y 




c 




* 
















1 • 

3 ' 


r 2 


10 ml pipej: • 
(jneasurfng) 


■ 1 • 






■ 




1 ■ 






1 


1 


1 


1 ' 
























8 


. 2 


1 mi, 2 m^, 5 ml 
'^nipet 


](C) 


— 1 . 


i 










































J 


J 


^ ; * 

Test Xjibes ' , T 
25 -mm X ISCmm 


&- 




j * 
J ' 


— 


r 


'12 




1 


• 


- 




- 


2 






- • 


















^ '4 

23 - 


1 

14 


-:Cest Tube Stopp^^s 


6 


i 
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■\ ' 
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_t 


,1.2 


6 


Buret, lb ml i. 
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2 


graduated Eylyider , 
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"^Erlenmeyeir Flasks 
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riit^nng riasRs 
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Volumetric Flask|^ ' 
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BpD Bottles ^ 
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— d 

Stoppers for BOD 
Potties ^ 


• 7^ 
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^ ' ' 'I < 
DO Bottles 






-R^*^ 1 

«■ 
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*a. 3/4 in. , • h. -1000 ml - o. 250 ml , 
b. 1 in. • i. lOO ..p'. 500 ml 

j , 1 liter- . q. 250 ml , 
k. 125 ml r. 1000 ml 
1. 250.ml s. .500 mf! [ 
m. 125 ml t, 1000 ml% 
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Equipment 



• Laboratory Test (Chapter Number) 
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2 3 4 5 6 7 8 9 10 11 12 13 W 15 16 17 18 19 20 21 22 23 24 .Max. Min. 
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